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NOTICES
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National Aeronautics and Space Administration. The work was administered

under the technical direction of the Propulsion and Vehicle Engineerin_

Division, Engineering Materials Branch of the George C. Marshall Space

Flight Center with F. P. La lacona acting as Project Manager.
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ABSTRACT

l

V

i

i

This report is the second of two volumes on the fluxless brazing of

high strength aluminum alloys, contract NAS 8-5445, covering the period

July 1964 through September 1966. In additionto the present two volumes,

an annotated bibliography on aluminum brazing was published separately.

The results obtained in this program have demonstrated the inert

atmosphere fluxless brazing of heat treatable aluminum honeycomb sandwich

structures of X7005, X7106 and 7039. Such honeycomb sandwich panels exhibited

a high degree of retention of the base metal properties through the temper-

ature range of -423°F to 600°F. In particular, the flatwise tension and

peel strengths were superior to adhesive bonded configurations.

It was concluded that optimum brazing alloy wetting and flow re-

quired the brazing alloy clad onto the substrate metal. The use of separately

placed brazing alloy foil produced less than optimum results; but acceptable

brazements were produced by that method.

The experimental results from quenching and heat treating studies

showed that aluminum honeycomb sandwich panels can be quenched into liquid

nitrogen with mlnfmum'distortion. Large flat and cylindrical section sand-

wich hrazen_nts were fabricated by that method. Consequently, high strength

alloys with rapid quench rate requirements may be utilized for both core

and facing materials.

Brazing alloys of the systems Ai-Ge-Si-Zn and Ai-Ge-Si-Ag were

developed that are promising for brazing X7106 at a temperature of approxi-

mately 1000°F. Preliminary results showed these brazing alloys to have

markedly less diffusion into X7106, with consequent higher retention of base

metal properties, compared with the co_mercially available 716 or 719 brazing
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alloys. However, the majority of the brazing tests reported were brazed

with alloys 716 and 719 at temperatures ranging from 1050° to I090°F.

Alloy 719 was the optimum choice and methods were developed to reduce it

to foil. Other tests demonstrated that alloy 719 could be used in wire

form by flame spraying it onto sandwich facing sheets.

As in other reactive brazing systems, certain limits exist for

the minimum material thickness that can be joln@d. Consequently, the best

applications for brazed aluminum honeycomb sandwich would be for heavily

loaded applications requiring thick facings with high core densities.
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i. INTRODUCTION

During the first year of this program methods were developed for the

fluxless brazing and air quenching of aluminum alloy honeycomb core sandwiches

using readily available brazing alloys. After brazeability screening tests

had been conducted, brazing alloys No. 716 and No. 719 were selected for the

sandwich panel brazing and testing program. Sandwich facing materials were

X7005, X7106 and 7039.

Facing tensile properties (room temperature) of the brazed and heat

treated sandwich panels were the following:

Sandwich

Facing Material,

0.062" Thick

X7005

X7106

7039

Tensile Yield

Brazing Strength Strength Elongation

Alloy psi psi Per Cent

No. 719 46,000 39,000 5

No. 716 39,000 . 33,000 6

No. 7],9 40,000 34,000 4

The tensile and yield strengths of brazed X7005 exceeded the published_-

tensile minimum values for bare X7005. On the other hand, X7106 and 7039

required faster quenching rates than were achieved; consequently, their

strengths after brazing were below published minimum values for bare materials.

Subsequently, brazed 7039 sandwiches were quenched by forced air and brazed

X7106 sandwiches were quenched into liquid nitrogen. Their respective facing

tensile properties (room temperature) were the following:

Sandwich

Facing Material Tensile .Yield

and Brazing Strength Strength Elongation

Ouenching Method Alloy psi psi Per Cent

7039 No. 719 45,000 43,000 2

Forced Air Quench

X7106

Liquid Nitrogen

Quench

No. 716 58,000 48,000 !3
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l"hese data indic_,t,-:d that brazed 7039 and X7IOb could be exp_.ct,..d

to meet published tensil_ minimum wJlues for bare material, provided they

were properly heat treated, llowever, nleta!lographic examination show-.d

that 7039 and X7106 were susceptible to brazing alloy penetration and

diffusion effects, as evidenced by grain growth, to depths ranging lrom

• 0,010" to 0.060". The brazing alloy diffusion had little ef'fect on tcl.si]...

yield strengths_ but significantly reduced tensile ultimate s trength._ and

tensile elongations. The magnitude of tile diffusion effects was depend6nt

on the time and temperature during brazing. For example, the percent

elongations listed abo,,e (2% for brazed 7039.and 13% for brazed X7106) could

not" be accepted without the knowledge that 7039 was slightly "over-

brazed" (large brazing alloy diffusion effect) and that X7106 was slightly

"under-brazed" (small brazing alloy diffusion effect).

In contrast, there was neglible diffusion of the Ne. 719 b,'aztng

alioy into X7005. Even 0.005" thick X7005 foil could be brazed with tile

No. 719 alloy. However, the tensii'e data show that the elongation of 0.062"

thitk X7005 was reduced from a nominal 12% to 57, by a coating of the No. 719

brazing alloy.

Brazed X7005 and X7106 increased in strength and ductility as the

testing temperature was decreased to -423"_F. Moreover, the sandwich mechan-

ical tests showed that both the No. 716 and No. 719 brazed joints e_,idenced

ductile failures at -423 F.

Brazing alloy placement, during the first year, was dictated by the

form of the available materials. Alloys No. 719 and No. 716 were only

available as wire (Ex'perimental quantities of No. 716 sheet• also were avail-

able). Fluxless brazing tests of these alloys in powde r form were unsuccess-

ful. Metallized brazing alloy coatings were evaluated by oxy-acetylene

flame spraying I/8" diameter brazing alloy wires to deposit brazing alloy

coatings onto sandwich facing sheets, followed by brazing testS. Although

flame spraying has well known limitations, it was found that successful

core-to-face joints could be produced when the brazing alloy • was placed

by that method. Significantly, flame sprayed brazing alloy coatings had the

advantage of excellent retention on the sandwich faces during brazing.

There was little "run-out" of the brazing a11oys and filleting was uniform

on both faces of the brazed sandwiches. The mechanical test data listed

above and much of the sandwich test data reported within were

derived from fluxless brazed sandt,'ich specimens, having the brazing alloy

placed by oxy-acetylene flame spraying it onto the sandwich facing shet.ts.

2
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During the second year of the contract, additional brazing alloy

tests were conducted to roll clad brazing alloy foils onto substrates, to

utilize powdered brazing alloys, and to obtain the No. 719 alloy in the

form of foil. In addition, tooling and heat treating methods were

investigated tO determine the manufacturing feasibility for quenching large,

honeycomb core sandwich brazements. Successful brazing and heat treating

of X7005 and X7106 were demonstrated using the No. 719 brazing alloy in the

form of 0.005" foil. Their respective facing tensile properties were the

following:

Sandwich Tensile Yield

Facing Material Strength Strength Elongation

0.062" Thick psi psi Per Cent

X7005 50,000 44,000 I0

X7106 53,000 48,000 4

The third year of the contract was devoted primarily to brazing alloy

development. Alloy X7106 was brazed with two newly developed brazing alloys:

one in the system AI-Ge-Si-Zn ; and the other, in the system AI-Ge-Si-Ag.

Sandwich facing tensile properties were the following:

i

I

I

I

a
Sandwich Tensile Yield

Facing Material Brazing Strength Strength Elongation

0.062" Thick Alloy psi psi Per Cent

X7106 AI-Ge-Si-Zn 54,500 47,000 5

X7106 AI-Ge-Si-Ag 57,000 55,000 2

Although quenching rates and aging heat treatments qualify the

various data listed above, it is apparent that brazed X7005 and X7106

honeycomb core sandwich panels can be produced with sandwich facings

tensile yield strengths of about 44,000 and 48,000 psi respectively,

and 5% tensile elongation. The advantages of the newly developed fluxless

brazing alloys (AI-Ge-Si-Zn or AI-Ge-Si-Ag) over brazing alloys No. 716 or

No. 719 was their lower brazing temperature, with their correspondingly

lower diffusion rates into alloy X7106.

3
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2. SANDWICH PANEL BRAZING AND TESTING PROGRAM

2-1 BRAZED _ND AIR QUENCHED X7005, X7106, AND 7039

Based on the results of brazing alloy screening tests and

brazing alloy development (Volume I)_ the selection of brazing alloys and

facing materials for scale-up manufacturing presented the following possi-

bilities (during the first year of the program):

(I) Braze clad 6951 (713 or 714 brazing alloy) offering a yield

strength of about 20 to 25 KSl when air quenched.

(2) Braze clad X7005 (718 brazing alloy) offering a yield strength

of about 35 KSI when air quenched. However, availability to

meet schedule was questionable and X7005 honeycomb core could

not be used because 718 dissolved thin foils of X7005.

(3) Intermediate brazing alloy foils positioned between sandwich

face and core. However, only 718 brazing alloy foil would be

available. The 719 alloy had never been rolled, and the 716

alloy was available only in limited quantities of 0.i0" thickness.

This would restrict facing material choice to X7005, but X7005

core could not be used.

(4) Flame sprayed brazing alloy placement using brazing alloys 719

and/or 716. Facing materials might be X7005, X7!06, or 7039.

The core could be X7005 or 6951. However, flame sprayed brazing

alloy placement had obvious disadvantages. It could not be used

on thin faces, distorts thick or preformed faces, uniformity of

deposit cannot be assured, and oxide inclusions would be present

both within the deposit and at the interface between the deposit

and the face sheet. Contrasted with the disadvantages, were the

excellent appearance and test results of experimental panels (Vo!_ne I

Before making the brazing alloy decisions, additional tests were run.

Sheet material of X7005, X7106 and 7039 were heat treated together in air

hour at 900CF, air quenched to room temperature, then aged 24 hours at

room temperature, followed by 48 hours at 250°F.

The following data were obtained:
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Gage UTS

Specimen Inc___h_h KS___I

X7005 0.040 43.6 31.4

X7005 0.063 41.1 30.2

X7106 0.062 54.5 43.6

7039 0.061 54.8 41.4

YS

0.2% Offset

KSI

Elongation

Per Cent

11.5

12.5

1.5.0

12.5

The strength levels for X7005 were lower than those obtained by air

quenching from the brazing temperature, indicating defective heat treatments.

The tests were repeated on X7005 and X7106 using i hour at 900°F,

air quenched to room temperature, then aged 7 days at room temperature

followed by 48 hours at 250°F.

The following data were o_tained:

Gage UTS

Specimen Inch KS___I

X7005 0.040 45.9

X7005 0.063 46.1

X7106 0.062 51.4

YS

0.2% Offset Elongation

KSI Per Cent

36.4 13.0

37.6 13.7

38.2 14.0

From these data, it was concluded that X7005, X7106, and 7039

would be the optimum sandwich panel facing materials at this point in the

program. The brazing alloys selected were 719 and 716, placed on the

sandwich faces by flame spraying them from 1/8" diameter wire. Table I

lists the materials combinations, the number of panels brazed, and their

brazing method.

The discussion on brazing the individual panels follows:





Code

A

B

C

AA

BB

CC

Material

62 Mil X7005 Facings

and Type 6-80 Core**

62 Mil 7106 Facings

6951 Type 6-80 Core

62 MII 7039 Facings

6951 Type 6-80 Core

62 MII X7005 Facings

and Type 6-80 Core

62 Mil 7106 Facings

6951 Type 6-80 Core

90 Mil 7039 Facings

6951 Type 6-80 Core

62 Mil X7106 Edge

Member

Table 1

PANELS FABRICATED

Brazing Alloy

and Placement*

719

716

719

719

716

719 core

to facing

716 metal

to metal

B_azlng

Method

Electric Blanket

Electric Blanket

Electric Blanket

Fu rna ce

Furnace

Fu rnace

Panel

81ze

28" x 40" x 0.6" Thick

28" x 40" x 0.6" Thick

28" x 40" x 0.6" Thick

28" x 40" x 0.6" Thick

24" x 40" x'0.6" Thick

24" x 40" x 0.6" Thick

*Brazing alloys were flame sprayed except the 716 alloy used for metal to metal edge members

*.*Hexagonal cell type on all panels except B and BB which had square cell core type
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2.1.1 Braze Toolin_ Methods, and Results

The brazing tool selected for the first three large, flat panels is

shown in Figure I. It had been used to braze PH series steel panels followed

by aging at I070°F. Inasmuch as th'e 1070 ° aging temperature was within the

aluminum alloy brazing range, time-temperature plots of aging treatments

were reviewed for temperature profiles across the panels. Based on the

steel panel aging plots, temperature control and uniformity were thought to

be satisfactory for the aluminum panels. It was noted, however, that to

maintain control, heating rates were slow. It was planned to accelerate the

overall cycle for aluminum brazing.

Pane] Assembly

The sandwich panel detail parts were assembled in flat retorts fabri-

cated from low carbon steel. The retort faces were 0.015" thick and rUt

section edges were 0.025". Included in the retort were s.tainless steel

blocks, accurately machined to the thickness of the sandwich panel. The

blocks support the load of the upper half of the brazing die. The retort and J

a portion of the assembled parts are shown in Figure 2.

No flux nor _stop-off was used. All of the assembled parts were

either clean steel or aluminum. The steel parts were cleaned by sand .

blasting. The aluminum alloy facing sheets were sandblasted (one side)

prior to flame spraying the brazing alloys, then the back side was scrubbed

with acetone, hut the flame sprayed surface was untouched.

Brazing Alloy Placement

The brazing alloys, in the form. of 1/8" dia. wire, were flame

sprayed onto panel faces using a Metco tyt gun, modified to incorporate an

electric drive mechanism. Spraying conditions were adjusted to deposit a

coarse, clean coating. The conditions were: acetylene 41CFH, oxygen 84CFH

(as calculated from standard Metco flow meters), air blast pressure 70 psi,

and a wire feed rate of 66 inch/minute. The amount of wire sprayed was

premeasured and cut to spray 6 feet of wire/square foot of panel area,

resulting in a deposit whose thickness varied from 0.010" to 0.012".





n m n

Yi_re i Clasrock Blanket Brazing Tool, 5 _ x 9 t in Size, Employing

External Strip-Type Heating Elements and Plenum Chambers

for Forced Air and Cryogenic Nitrogen Coollng through

Ports in the Tool Faces,
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Figure 2
Partial Assembly in Retort of Detail Parts of Aluminum

Sandwich Panel A.
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Brazing Method

Panels A, B, and C were assembled and brazed by almost the identical

procedures. Retorts were sealed by welding, then leak tested and purged.

Purging involved ten cycles of evacuation and back filling with argon. Retort

placement on the blanket brazing tool is shown in Figure 3. Fiberglass cloth

positioned around the retort served two purposes. It electrically insulated

the retort from the heating elements and was packed around the panel to

prevent heat loss. The specified brazing cycles and actual temperatures are

listed below:

Actual

Panel Brazing Specified Time Brazing

No. A11oy and Temperature Temperature

A 719 I0 min. 1040-I050°F IOI0-1050°F

B 716 I0 min. I075-I080°F I050-I080°F

C 719 I0 min. I050-I060¢F I040-I060°F

Note: Panel C was specified after Panel A was examined.

The brazing time-temperature cycles which were achieved differed from

the specified temperatures. An excessive temperature spread for Panels A and

B was most probably caused by high heating rates. Panel C was heated more

slowly and the temperature profile showed better contrel.

I0

I
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The decision was made that three additional panels would be brazed

by furnace brazing.

Panel AA was assembled like Panel A. No fixturing nor external

tooling for flatness was employed. The retort was positioned on the furnace

grate and the grate was brought up into the circulating air furnace which

had been pre-heated to II00°F. The brazing temperature was 1060 _ 10°F.

Panels BB and CC were furnace brazed in a different type of retort

and their size was smaller, measuring 2_' x 40".

A schematic of the retort cross section and panel assembly is

shown below:

/ Stainless Steel Slip Sheets o.___ /_ _ ._..... .
•--'_ _,-_A'L ..... : ,"- , ,: .... " ,,, ' _,.'_ _-_--,_

/__'-L_L,__i._ !
., ._,,.-:_,,:_.._.:..,., j- .... I,.,,,,T,_, ,_..__--'.;,_._-,._--...-.._,_ •

/__ St_'tnless Steel Frame & Ftbrefrax Gasket

The brazing temperature 'for Panel BB was 1080 ° -+ IO°F and for Panel

+

CC, it was 1070 _ - IO°F.

Tooling Pressure

Face-to-core contact pressure was provided by the retort faces as a

result of a partial pressure within the retort. The atmospheric clamping

pressures used for the various panels are listed below:

A 0.3 psi

_ 0.4 psi

B 0.2 psi

BB 0.2 psi

C 0.2 psi

CC 0.2 psi

No core buckling occurred as a result of these pressures.

Panel Heat Treatments

The quenching of Panels A (X]005), B (X/f06), and C (7039) was done

in the brazing tool at an average rate of 20°F/min., wh_chhad been shown to be

too slow for X7106 and 7039. Also, the furnace brazed panels .A_A,BB, and CC,

were cooled at rates too slow; consequently, all panels except A were post-

braze heat treated.

12
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Panels B, C, AA, and BB were heat treated together, I hour at 900°F,

then air quenched. The quenching rate was only about 30°F/min.

Panel CC was post-braze heat treated, separately, in a laboratory

furnace, after having been cut into small specimens. The quenching rate was

approximately 100°F/min. The solutioning temperature was 750 ° to 800°F for

1 hour.

Aging heat treatments were as follows:

Panels A, AA, B and BB: 7 days at room temperature followed by

48 hours at 250°F.

Panels C and CC: 2 days at room temperature followed by 16 hours

at 180 ° and 12 hours at 300°F.

BP_ZED PANEL ANALYSES _ND DISPOSITION

The several characteristics of the six brazed panels are listed in

Table 2, followed by discussions of the individual panels.

Radiographic and Ultrasonic Inspection

Panel A '

The radiographic report for Panel A is shown in Figure 4 and the

ultrasonic inspection record, Figure 5, agreed almost exactly with the

radiographic report except for the following important deviation. Areas

shown as light fillets on the radiograph were shown as voids on the ultrasonic

report. The top and bottom of the panel were nearly identical. Based on the

two inspection reportsj specimens were laid-out and numbered as Shown in

Figure 6. The large areas not divided into specimens, were reserved for

further examination. Pending the test results, the panel appeared to be

adequately brazed on three edges; on the fourth edge, the thermocouple

indicated a temperature less than specified, and that edge appeared to be poorly

brazed.

13
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Table 2

CHARACTERISTICS OF BRAZED PANELS

.e.

Code

A

AA

BB

CC

Dimensiona 1

Inspect ion

(Measured Values)

Flat within

0.020"

Flat within 0.060"

Flat within 0.040"

(Qualitative Determination)

Maximum Warpage

Approx. I/2"

Local Buckle from

Tooling Restraint,

otherwise flat

Flat

Braze

2/3 of the

panel

acceptable

2/3 of the panel

acceptable

Poor

100% brazed

90% brazed

100% brazed

Remarks

Fully brazed, but the brazing

alloy was incompletely melted

Panel air cooled in a free retort -

No hard tooling employed

J

The brazin E temperature was too

high. Excessive diffusion of

brazing alloy into the panel

faces resulted.





A_

A_

A_

\

H

L

H

A/

H - Heavy Fillets

L Denotes Light tO Possibly

Non-Existing Fillets

PA1666-I

S/N A

ACN 141-3

Figure 4 Radiographic Inspection Report on Panel A. Panel A had X7005 Faces

and Core and 719 Brazing Alloy. It was Brazed in a Flat Blanket

Brazing Die.
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NOT REPRODUCIBLE

Figure 5 Ultrasonic Inspection Report of One Face of Panel A.
Panel A had X7005 Faces and Core and 719 Brazing Al|oy°

It was Brazed in a Flat Blanket Brazing Die,
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Apparently the brazing temperature profile across the panel was

much like the inspection report drawing of Figure 4, where only two large

corners reached the appropriate brazing temperature.

Panel AA

The radiographic inspection report is shown in Figure 7. Based on

that report and on visual inspection, it was concluded that Panel _A was

completely brazed. Ultrasonic inspection was not done. The panel was

dividied into test specimens as sho_ in Figure 8.

Panel B

The radiographic report was almost identical to that of Panel A.

Also, the ultrasonic inspection report, Figure 9, was almost identical to

that of Panel A except that poorly brazed areas appeared dark, rather than

light.

Destructive testing reveale_ a poor core-to-face attachment in

those dark areas because the brazing alloy had not fully melted. The

brazing alloy was detected, ultr_sonically, as a solid sheet.

Specimen lay-out on Panel B is shown in Figure I0.

Panel BB

Radiographic inspection was not accomplished. The ultrasonic

inspection report is shown in Figure I!. The ultrasonic inspection report

of the top face showed void areas corresponding to local face buckling.

Specimen lay-out is shown in Figure 12.

Panel C

Based on visual examination of the panel and retort it was concluded

that there had been a leak in the retort or gas line and that the panel

ultimately wou!d be scrapped. Radiographic inspection confil_ed a complete

lack of large fillets. Some small fillets were thought to be visible in the

18
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radiograph. The panel was not ultrasonically inspected. Sectioning of the

panel, however, indicated fair core-to-face attachment. The panel faces

could not be separated from the core manually. Therefore, specimen lay-out

was made as shown in Figure 13.

The core pattern on the panel (Figure 13) is termed tgrowth marks I.

These marks are caused by abrasion between the pane] and retort faces, which

are the resultant effects of differing expansion rates. This is often, but

not necessarily, associated with a good braze. The marks also can be brought

out by rubbing a sandwich panel with a piece of wood or plastic.

Panel CC

Panel CC differed from the other panels because of materials avail-

ability and by the inclusion of simulated edge members. The materials

difference was the substitution of 0.090" thick faces rather than 0.062"

faces as had been used on the other panels.

Edge members were 0.062" thick X7106 formed in an tLt section, whLch

simulated half of a tZt secticn.

The brazing alloy for edge member tAt was 0.010" thick 716 alloy.

A strip of 0.001" copper foil was added also to promote flow. Edge member

tBT had only the 0.010" thick 716 a11oy added. To eliminate core splices,

the panel was divided into three parts with the edge members on the central

part. The ultrasonic inspection report of the bottom face is shown in

Figur e 14. The panel apparently was fully brazed, but the top face inspection

report showed random discontinuties. Radiographic inspection was not

accomplished, except for edge members, which are shown in Figures 15 and 16.

The top face of the panel was too hot during brazing, as was clearly shown

by the brazing alloy penetration of that face. The bottom face was apparently

satisfactory.

25
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Figure 15 Top: Radiograph of a Portion of Panel CC Edge N ember A,
Comprised of an .090 Iv 7039 Face and an .062 I_ X 7106 L

Nember. Brazing Alloy was .010 _ 716 and .001N Copper.

Bottom: Cross Section Photomacrograph of Edge Nember A
Showing Voids Caused by Copper and Showing the Extent

of Brazing Alloy Diffusion into Faying Surfaces.
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Figure 16 Top: _Radlograph of a portion oE Panel CC Edge Nember B,
Comprised of an .090 tv 7039 Face and an .062 vtX7106 L Member.

Brazing Alloy was .010 _ 716.

Bottom* Cross Section Photomacrograph of Edge Nember B

showing Few Voids in the Brazed Joint and Showing Extent of

Brazing Alloy Diffusion into Faylng Surfaces.
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Metallographic Examination

Panel A had small fillets as shown in Figure 17. However, there

was evidence of incomplete brazing alloy melting, which would be expected

from the brazing temperature profile. There was evidence of oxide inclusions

in the brazing alloy, but the interfaces were free of oxides in all areas

where brazing alloy flow occurred.

A section of Panel AA is shown in Figure 18. The higher brazing

temperature contributed to better flow than that Obtained on Panel A. The

719 braze alloy had no adverse effect on the X7005 faces. No diffusion

or grain growth was evident. The thin X7005 core roots evidenced some

brazing alloy diffusion and graingrowth.

Brazing alloy 716 on Panel B was not fully melted, as shown by

Figure 19. The brazing alloy had no effect on the 6951 core, but diffused

into the X7106 substrate to a depth of approximately 0.010". Some core-to-face

attachment was evidenced, but the braze, was not satisfactory. Panel BB was

brazed at a higher temperature and was sufficiently brazed as shown in

Figure 20. On the other hand, the brazing alloy (716) diffused into the

X7106 faces 0.020" to 0.040" causing probable incipient melting and grain

There was little or no effect by the brazing alloy on the 6951 coregrowth.

roots.

Panel C showed a poor braze throughout (Figure 21) and the brazing

alloy appeared to be incompletely melted. No diffusion into the Panel C

substrate was noted. However, Panel CC, brazed at a higher temperature,

evidencing substantial brazing alloy diffusion into the faces as was shown

in the photomacrographs, Figures 15 and 16. The top face had local brazing

alloy penetration entirely through the face.
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Figure 17 Cross Section Photomicrograph of Core-to-Face Joint of Panel A.

Faces and Core were X7005. Brazing Alloy was 719.

Mag_ 100X

Etchant_
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Figure 19 Cross SectJ_,_ Fhoto,,_cregraph of Core-to-Face Joint of Panel B.

Faces were X7106 and Core was 6951. Brazing Alloy was 716.

Hag: 100X

Etchant: 2%HF
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Fi3ure 20 Cross Section rho_omicrograph of Core-to-Face Jeint of Panel BB.

Faces were X7106 and Core was 6951. Brazing Alloy was 716.

Mag: IOOX

Erchant: 2% HF
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Figure 21 Cross Section Photomicrograph of Core-to-Face Joint of Pa**el C.

Faces were 7A39 and Core was 6951. Brazi1_ Al],y was 719.

llag: IOOX

Etchant: FllckTs
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2 .I .2 Testing Program

The following tests were conducted on each of the three brazed

systems:

Tensile - panel faces

Tensile - panel extension (facing material without brazing alloy)

Flatwise Tensile - brazed sandwich

Flatwise Compression - brazed sandwich

Edgewise Compression - brazed sandwich

Plate Core shear - brazed sandwich o.

Flexure (short beam) - brazed sandwich

The tests were conducted at 600°F, 500°F, 200°F, room temperature,

-100°F, -200°F, and -320°F at Aeronca and NASA*conducted tests at -4230F.

To provide reliable data, it was desired that 6 duplicate specimens

be evaluated for each required test and temperature, which would have provided

a total of 1008 individual tests. That goal was met, except for some instances,

where there were an insufficient number of specimens available.

2.1.3 Data Presentation andTest Methods

The test data are summarized in Figures 22 through 29 and Tables 3

through 23 list each of the individual test specimens.

SUMMARY AND DISCUSSION OF TEST RESULTS

Panel Facing Tensile Data - Heat Treat Response and Effect of Brazing

The tensile data for X7005, Figure 22 , show that the room temperature

minimums were met in all cases except for tensile elongation where brazing

alloy coated X7005 was somewhat less ductile than bare X7005. The average

*Under the direction of Mr. O. Y. Reece.
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quenching rate for X7005 was approximately 15°F to 20°F per minute.

Brazed X7106 and 7039 panels, Figures 23 and 24 were not quenched

fast enough to develop full strength, in addition, their respective

brazing alloys reduced their strengths by approximately 20_. Faster quenching

rates and less agresslve brazing alloys would be required to develep full

mechanical properties of X7106 and 7034.

E dgewlse Compression

The core stabilized the faces up to the ultimate compressive strength

of the faces in most cases (Figure 25), except for Panels C and CC, where the

large number of facing separations indicated poor braze quality.

Flatwise Tensile Strengt h

Figure 26 shows the spread in flatwise tensile data from the brazed

panels, and Table 24 shows data from similar panels which were bonded with

FM-1000 adhesive. The brazed and heat treated X7005 was consistently superior

to the adhesive strength of bonded panels. The 6951 core brazed to X7106

was predominantly superior to the adhesively bonded panel, but overa_l, it

was not brazed as well as the X7005 paDel. Panels C and CC were poorly brazed

but nevertheless, about half of the test values were equal to the values obtained

from the adhesively bo_ided sandwich.

Flatwlse Compression ._

The compressive strengths of' the respective cores are sun=narized in

Figure 27. Some room temperature design values from MIL-H_NDBOOK-23, Part I,

5 October 1959, are given below for comparison:
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Co re

Material & Type

3003 H-19, _" cell .004" foil

3003 H-19,_" cell .005" foil

Stainless Steel, 17-7 PHA

3/8" Hex, bonded .002" fell

Stainless Steel, 17-7 PHTH-1050

_" square, welded .002 foil

Core Compressive Strength

Density psi

7.68 Ib./cu. ft. 625

9.05 1,078

7.7 _ 390

7.8 705

Core Shear Stress

Figure 28 shows core shear strength both from the plate core shear

tests and as calculated from the flexure tests. The correlation between

the ranges of values from thc two tests is reasonably good. For comparison,

some design val_es from MIL HANDBOOK 23 are given below:

Core

Material and Type

3003 H-19, _" cell .004" foil

3003 H-19, _' cell .005" fell

Stainless Steel, 17-7 PHA

3/8" Hex, bonded .002" foil

Stainless Steel, 17-7 PHTH-1050

_" square, welded .002 foil

Core Shear Strength psi

Den____sity W Direction L Direction

7.68 Ib./cu. ft. 252 455

9.05 304 527

7.7 145 315

7.8 340 350

Core Shear Modulus

Shear modulus data are sun_arized in Figure 29. The correlation

between plate core shear test values and flexure test values was not good,

but the trends were consistent. Typical shear modulus data for the aluminum

alloys 2003, 5052, 5056, 2024 were extracted from Hexcel Products, Inc.,

Technical Bulletin TSBI20, and are listed below.
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Core Denslt_

7.0 • lb./cu, ft.

8.0

Shear Modulus, psl

W Direction

50,000

55,000

L Direction

105,000

125,000

Some design values from MIL _JqDBOOK 23 are given below:

Core Material

and Type

3003 II-19, _" cell

.004" foil

3003 H-19, _" cell

•005" foil

stainless Steel,

17-7PI_ 3/8" Hex,

bonded .O02" foil

Sta_lless Steel,

17-7PHT _;" square,
welded .002" foil

Core

Denslt 7

7.68 Ib./cu. ft.

Shear Hodulus, psi

W Direction L Direction

37,000 84,000

9.05 41,000 103,000

7.7 29,000 74_000

7.8 71,000 94,000

Data from place core shear tests fall within the appropriate ranges,

except that a few X7005 specimens (AA series) had particularly high values,

which were readily correlated with heavy filleted areas on the inspection

reports.
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Pane|s A & AA
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Pleure 22 Summary Tensile Uata for X7005 PzcinB Sheets & _xtensions from Panels A & AA.

Data Points are Baaed on AveraRes oi Six Testa in Host Cases.
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TABLE 4

TENSILE DATA X7005 FACE OF SANDWTCH PANE_ b b AA •

The X7005 faces were coated with brazlng alloy 719"

ULTIMATE YIELD

SPECIMEN TEST TENSILE STRENGTH

SPECIMEN THICKNESS TEMPERATURE STRENGTH 0.2% OFFSET
NUMBER INCHES "F KSI KSI

1. A-94 .071
2. A-94 .071

3. AA-$4 .068

4. AA-54 .068
5. AA-IO0 .069

6. AA-IO0 .069

1. A-36-1 .066
2. A-149 .068

3. A-135 .067

4. A-I_8-1 .068
5. AA-98 .068

6. AA-154 .068

1. A-12-I .069

2. A=26-1 .069
3. A-68=1 .072

4. A-71 .072

5. AA-56-1 .071

6. AA-57-1 .069

l. A-149 .070
2. A-t35 .066

3. A-t3 .069
4. AA-136 .068

5. AA-99 .069

6. AA-98 .069

1.

2.

3.

4.
5.

6.

A-Z2-1 .069
A-109-1 .067

A-147-1 .O67

AA-$5-I .068
AA-97-t .068

AA-I40-1 .068

1. A-68 .070
2. A-146 .070

3. A-148 .071

4. AA-5$ .068
5. a_A-$7 .068

1. A°11 .070

2. A-26 .066
3. A-123 .069

4. AA-97 .068
5. AA-140 .068

1. A-2 .063

2. A-13-2 .067

3. A-36 .0)3

_. AA-56 .069
5. AA-99 .O72

*/':or • :

-423

-320

-200

-I00

RT

200

500

600

ELONGATION

PERCENT

70.2 49.0 12.5
70.3 54.2 13.0

71.0 Not Determined 8.0
71.O Not Determined 8.0

70.4 56.7 7.0

72.1 59.0 9.0

55.7 44.0 14.5

56.0 47.5 11..0

54.2 45.0 10.0

58.3 46.5 14.0

59.3 50.7 8.5

58.8 50.7 9.0

50.4 47.0 9.0

50.5 46.0 9.5
'53.7 46.0 10.5

53.2 , Not Determined ll.O

52.8 50.6 2.5
52.0 48.8 4.5

48.6 43.0 7.5
4_.3 39.2 7.5
48.5 41.6 6.0

32.6 Not Determined 9.0

52.8 _ Not Dec. Not Det.

51.7 Not Det. 5.0

49.2 35.0 8,0
43.5 36.0 6.0

46.3 35.8 6.0

46.1 43.0 3.0

46.0 42.8 3.0

46.3 43.3 4.0

41.4 34.2 13.5
41.3 31.8 8.0

42.5 32.5 9.5

42.8 40.8 5.0

43.0 42.7 4.0

16.0 15.3 I0.0

14.2 12.7 14.0

15.4 13.9 12.5

15.6 14.3. 10.3
13.7 12.8 13.5

8.9 8.2 22.0

8;9 7.6 24.5

9.2 8.1 24.5
8.9 8.0 25.5

10.1 8.9 19.5

Calculations are based on original material thicknesees

True ch_knesses (latin 8 plus brazing alloy)aTe Ilsted above.
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TABLE 5

TENSILE DATA X7106

SANDWICH FACING EXTENSION (NOT COATED WITH BRAZING ALLOY)

PROCESSED WITH SANDWICH PANELS B & BB

ULTIMATE YIELD

SPECIMEN TEST TENSILE STRENGTH

SPECImeN THICKNESS TEMPERATURE STRENGTH 0._4 OFFSET ELONGATION

NUMBER INCHES °F KSI" KSl PERCENT

1. B .062 -423 70.1 50.5 15.5

2. B .062 78.3 Not Determined 17.0

3. B .062 80.0 55.9 10.5

4. BB .062 81.3 60.2 9.0

5. BB .062 80.0 60.2 8.06. BB .062 74.4 59.1 6.0

' 1. B .062 -320 •64.5 44.5 14.5

2. 8 .062 62.2 41.0 14.0

3. BB .062 68.5 53.2 13.0
4. BB .062 69.8 56.6 15.0

• t

1. B .062 -200 60.0 43.8 19.O2. B .062 55.2 36.3 13.0

3. BB .062 63.0 Not Determined 12.0

4. BB .062 61;0 45.0 14.5

"| 1. B .062 -i00 51.7 42.4 14.0

2. B .062 53.2 37.6 13.0

3. BB .062 57.2 45.0 18.5

I I. B .062 RT 52.1 41.8 13

2. B .062 47.7 33.0 16

' 3. B .062 49.8 36.3 17

| 4. BB .062 55.1 _ 46.1 I0

5. BB .062 "_" 54.8 43.2 II
6. BB .062 52.5 39.2 13

f

" 1. B .062 200 42.1 34.0 16

2. B .062 43.4 34.9 12.5
3. 88 .062 47.7 42.2 11

, 4. BB .062 47.0 40.5 14

1. B .062 500 15.5 14.6 23.5

2. B .062 16.3 Not Det. Not Def.

3. BB .062 17.1 14.2 . 34.5

" 4, BB .062 18.1 15.0 24.0

1. B .O62 600 9.4 9.1 35.5

2. B .062 11.6 9.2 35.5

i 3. BB .062 11.8 9.7 35.54. BB .062 11.4 9.2 34.5
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li

2.

3.

4.
5.

6.

l.

2.
3.
4.

5.

6.

I.

2.

3.
4.

5.

6.

lo

2.

3.

4.

5.

1.

2.

3.

4.

5.

6.

SPECIHEN

ICUHBER

B-40

8-40
B-55

B-88

BB-IO0

88-I02

B-59-I

B-61

B-86-2

BB-2-1

BB-IO6-I

BB-I06-2

B-58
B-86-1

B-84-1
BB-103-1

BB-105-1
BB-125

B-57-1

B-63-1

B-87-I

BB°4
BB-105

B-58

B-59

• B-85

BB-3

BB-I03

BB-I04

I. B-57

2. B-84

3. B-87
4. BB-85

5. BB-85
6. BB*IOI

I. B-54

2. B-63

3. B-86

4. BB-I
5. • bB-58-I

6. BB-58-2

1. B-53
2. B-54

3. BB-2

4. BB-125

_Note :

TABLE 6

TENSILE DATA X7106 FACE OF SANDNICH PANELS B & BB

The X710f faces were coated with brazing a11oy 7_6"

SPECIMEN

THICKNESS

Ih_HES

ULTIHATE YIELD

TEST TENS.IIE STRENGTH
TEMPERATURE STRENGTH 0.2"/. OFFSET

"F KgI KSI

.073

.069

.072

.O72

.069

.070

.072

.070

.075

.068

.068

.066

.071

.067

.068

.068

.067

.068

.072

. .073
.074

.069

.070

.068

.07!
.069
.069

.073

.068

.072

:,071

.068

.068

.073

.074

.069

.070

.073

.070

.067

.072

.070

.070

.067

.068

-423

-320

-200

-IOO

RT

200

500

600

ELONGATION

PERCENT

72.5 46.7 15.0

69.3 45.2 15.0

72.3 50.6 13.5

69.7 49.5 9.0

50.7 46.3 2.0
48.9 43.0 2.5

66.8 48.8

63.3 44.6

62.9 46.8

37.2 Not Determined
44.9 43.4

46.3 Not Determined

54.2 Not Determined

"52.7 45.7

50.8 44.2

43.5 38.8
40.8 Not Determlned

38.8 Not Determined

56.5 53.0

53.2 40.5

53.0 41.2

30.5 _ Not Determined

37.0 Not Determined

10.0

12.5

14.0

1.8

3.5
4.5

16.0
13.5

10.5
2.0

2.5
1.5

12.5

13.0

10.5
3.5

2.5

46.4 36.3 12.0

4'.2 32.5 10.5

39.8 32.8 8.5
29.2 28.9 0.25

36.0 Not Determined 3.5

39.1 32.8 2.5

48.7 42.0 10.5

44.5 37.3 Not Det.
42.7 35.7 9.5

35.8 31.8 1.0

31.2 27.7 0.5
34.6 30.0 3.0

17.3 14.1 18.5

17.2 15.0 21.0

16.2 15.3 13.5
16.4 14.8 8.0

17.6 15.2 6.5
18.1 15.2 7.5

10.9 8.4 33.5

11.5 g.2 37.0
10.6 10.1 17.0

11.1 8.4 13.0

Calculations are based on origin_l material thicknesses

Truethickne_._.cs (facing plus brazing alloy) arelisted above.
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3.

]"5.
6.

2.
3.

_ 4.

j- I.
2.

3.
-_ 4o

] 5.

'; 3.
4.

1.

3.

' 4.
5.

'. 6.

! 1.
2.

_ 3.

4.
5.

_. 6.
i

1o

2.

4.
5.
6.

1°
2.

SPECIMEN

NUMBER

c
.C
c
cc
cc
CC

C

C
CC
CC

c
C

C
cc

cc

C
C
CC

cc

c
c
c
CC

cc
CC

C
c
c
CC
CC
CC

C
C
C

C
CC
cc
CC

C

c
CC

TABLE 7.

TENSILE DATA 7039

SANDWICH PACING EXTENSION (NOT COATED WITH BRAZING ALLOY)

PROCESSED WITH SANDWICH PANELS C & CC

ULTINATE YIELD

SPECIHEN TEST TENSILE. STRENGTH
THICKNESS TEMPERATURE STRENGTH 0,2% OFFSET

INCHES *F KSI KSl

• 062
.062
.062
• 089
• 089
.089

• 062
.061
.089
• 089

,062

.o61

.061

.089

.089

,063
.063
.bgo
.090

.062

.062

.062

.089

.089

.089

.052

.062

.062

.088

.088

.088

• 062
.062
• 062
.062
• 089

_. 089
.089

,062
.062
.089

ELONGATION
PERCENT

-423 68.0 Not Determined 13.0
81.3 39.8 28.5
70.1 40.9 8.0

89.0 62.2 15.5
87.2 67.4 9.0
91.1 59.9 14.5

-320 60.4 Not Determined 11.5
65.2 41.0 16.0
77.6 70.0 12.5
67.2 • 62.1 9.0

-200 53.3 32.1 17.0
54.4 32.5 15.0
55'.3 33.8 Not Def.

81.8 62.8 15.0
75.2 Not Determined 12.5

-I00 48.9 31.2 13.5
51.7 36.6 15.0
64.4 55.0 16.0
63.2 55.5 [5.0

RT 46.4 32.0 12.0
47.5 34.0 11.5

48.5 34.9 15.0
62.2 54.9 12.0
59.7 51.3 13.5
61.3 53.7 13.5

200 41.0 _2.8 5.0
39.5 30.4 14.0
35.0 31.1 3.0

54.5 45.3 5.0
55.6 47.3 5.0

56.4 47.9 10.0

500 18.5 17.7 25.5
15.3 13.9 25.0
16.7 16.0 31.5
18.3 16.1 23.5
20.4 17.7 20.5
20.5 17.8 22.5
18.7 16.6 20.5

600 10.8 6.4 44.0
11.1 7.8 46.0
10.5 8.2 42.5
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TABLE 8

TENSILE DATA 7039 FACES OF SANDWICH PANELS C & CC

The 7039 faces were coated with brazing alloy 719"

ULTImaTE YIELD

SPECIMEN TEST TENSILE STRENGTH
TII1CKNESS TEMPERATURE STRENGTH 0.2% OFFSET

INCIIES "F KSI KSI

I. C-2 .069
I. C-5 .067

J. C-5 .O66

_. CC-2 .095

5. CC-IO .095

6. CC-:38 .095

l 1. C-J-1 .0672. C-167-l .062

3. CC-17-1 .095

1. C-75 .069
2. C-169 .062

3. CC-3 .097

4. CC-4I .097

I. C-3 .069

2. C-60 .069

3. CC-3 .095

4. CC-55 .096

I. C-4 .067

2. C-6 .069

3. C-167 .068

4. CC-I .097

5. CC-17 .096

6. CC-83 .098

I. C-4 .070

2. C-6 .067

3. C-166 .071

4. CC-2 .095

5. CC-39 .095

6. CC-83 .096

-423

1
f

r-

I

i
1

1

1

I

1

i

!

-320

-200

-I00

RT

20O

55.0
49.5
50.8

62.0

48.8

51.9

58.0

53.6

54.2

40.3

46.4

47.6

NoC Def.

50.5

45.8

49.5

53.0

46.0
38.0

34.7
47.7

' 41.8

46.2

40.7

37.2

39.2

45.6

43.5

46.8

43.0
45.2

45.1

_3.8
None

None

41.2

32.2

49.1

Not Def.

44.5

Not Det.

Not Def.

Not Det.

40.0

Not Dec.

Not Def.

34;2
36.4

31.3
45.3

41.3

43.7 "

32.5
29.8

34.2

Not Def.

39.8

Not Det.

1. C-2-1 .066 500 16.4 15.0

2. C-75 .066 18.0 14.3

3. C-33-2 .068 18.4 16.0

4. CC-38 .095 14.8 12.7

5. CC-39 .093 17.8 15.5

6. CC-95-2 .095 18.6 15.5

1. C-60 .068 600 11.3

2. C-165 - .067 9.8

3. CC-I .096 11.O

4. CC-I6 .096 9.3

7.9

6.7

7.2

Not Dec.

*Note: Calculations are based on original material thicknesses

True th_knes_s (facing plus brazing alloy) are listed above.

53

ELONGATION

PERCENT

3.0
0.5

1.0

1.0

0.0

0.O

10.0

15.0
Not DeC.

3.0
5.0

Not Det.

Not: Det.

3.0

3.0

3.0

1.0

6.0
3.0

4.0
3.0

2.0

0.5

II.0
3.0

15.0

3.0

Not Dec.

5.0

10.5

5.5

I0.0

9.0

7.5

9.0

20.0

29.0

25.0

39.0

REFu_RKS

Failed Outside C.

Failed-Outside G
Failed Outside G

Failed Outs!de 6



I

I

!

J SPECI_tEN

NLq'IBER

TABLE 9

EDGEWISE C0HPRESSIO_ TESTS - SAN_WTCHSPECIMENS A &AA

NOMINAL SPECIb_N SIZE: 0.6" x 2" x 3"

Faces:" X7005

Core: X7005 type 6-80 x _", hexagonal cell

Brazing Alloy: 719

TEST FACING STRESS

TEHPERAPJRE AT FAILURE

_F psi
RENARKS

]

]

i

f

1

!

1.

2.

3.

4.

5.

6.

I.

2.

3.

4.

5.

6.

I.

2.

3.

• 4e

5.

6.

I.

2.

3.

4.

5.

6.

I.

2.

3.

4.

.5.

6.

I.

2.

3.

4.

5.

6.

Io

2.

3.

4.

5.

6.

l*

2.

3.

4.

5.

6.

A143

AA42

AA46

AA50

AA85

,t_94

AI07

AA5

AAI3

AAI32

AAI31

AAI61

A99

AA52

AAg8

AA89

AAI37

AA!39

A122

AAII

AAI2

AAI33

AA134

AA138

Al30

AAI41

AA8

AA34

AA36

AA38

Not

A133

AAI

ata,28

AA30

,t.a_44

_84

AA48

AA86

AA87

AA93

AA95

_96

a,,_,2

AA32

AA9"

AAgl

AA92

Available

-423

-320

- 200

-i00

RT

+200

+500

+600

54

84,900

89,400

89,000

Fixture

did nor

83,200

75,800

66,000

62,200

• 60,700

61,100

64,300

57,500

61,200

62,800

64,400

60,000

52,600

58,400

48,100

53,700

50,40p

52,300

46,000

52,100

61,000

59,000

58,000

59,000

56,000

56,000

44,000

43,500

44,500

51,000

52,000

43,500

18,900

17,500

15,900

16,000

18,200

16,800

8,800

9,900

9,900

8,700

10,200

broke

re-run

Face Separation

Shear Crlmplng

Face Separation

Shear Crimping

Shear Crimping

Face Wrinkling Outward

Face Wrinkling Outward

Not Available

Shear Crimping

Face Wrinkling Outward

Face Wrinkling Outward

Face Wrinkllng Outward

Face Wrinkling Outward

Face Wrinkling Outward

Face Wrinkling Outward

Face Wrinkling Outward

Face Wrinkling Outward

Face Wrinkling Outward

Shear Crimping

Face Wrlnkllng Outward

Face Wrinkling Outward ,

Face Wrinkling Outward

Face Wrinkling Outward

Shear Crimping

Face Wrinkling Outward

Shear Crimping

Not Available

Not Available

Face Wrinkling Outward

Shear Crimping

Shear Crimping

Shear Crimping

Shear Crimping

Shear Crimping

Shear Crimping

Shear Crimping

Shear Crimping

Shear Crimping

Shear Crimping

Sheer Crimping

Shear Crimping

Shear Crimping

Shear Crimping

Face Wrinkling

Shear Crimping

Shear Crimping

Outw3r_



I

!

1

1

1
a -

?

I

]
? -

iI
l"

]
i

t

J

}

1

I

1

1

I

I

SPECIMEN

NUMBER

1. B15

2. BI8

3. B21

4. SS23

5. BB27

6. BB67

1. B17

2. B137

3. B139

4. BB24

5. BB47

6. Not Available

1. Bl17

2. BII9

3. .B123

4. BB20

5. BB22

6. Not Available

1. B23

.2. B24

3. BI40

4. BB21

5. BB28

6. Not Available

1. B14

2. B19

3. B22

4. BI41

5. BB17

6, BB25

1. B20

2. B25

3. B120

4. B138

5, BB19
6." Not Available

1. B26

2. BII8

3. B122

4. BBI8

5. BB56

6. Not Available

I. BI6

2. Bl16

3. BI21

4. BB57

5. BB68

6. Not Available

TAB_ 10

EDGEWISE COMPRESSION TESTS - SANDWICH SPECIMENS B & BB

NOMINAL SPECIMEN SIZE: 0.6" x 2" x 3"

Faces: X7106

Core: 6951 type 6-80 x _", square cell

Brazing Alloy: 716

TEST FACING STRESS

TEMPERATURE AT FAILURE

*F pel

-423

-320

• 60,800

59,400

51,900

63,800

49,900

51,300

48,400

60,300

53,700

53,200

42,900

-200

-I00

44,800

45,900

47,000

34,600

37,400

47,000

44,400

43,800

34,400

37,400

RT

+20O

+500

41,500

49,000

49,000

21,500

28,500

43,000

35,900

41,000

45,500

36,500

36,200

18,300

19,500

17,000

12,900

20,300

+600

55

9,400

5,500

I0,I00

10,900

9,600

REMARKS

Shear Crimping

Shear Crlmvlng
ShearCrimping

Not Available

Not Available

Facing Separation

Face Separation

Face Separation

Face Separation

Face Wrinkling Outwara

Fac_ Wrinkling Outward

Face Separation
Face Wrinkling Outward

Face Separation

Face Separation
Face Wrinkling Outward

Shear Crimping

Shear Crimping

Face Wrinkling Outward

Face Separation

Face Wrinkling Outward

ShearCrimptng

Shear Crimping

Shear Crimping

Shear Crimping

Face Separation

Shear Crimping

Shear Crimping

Shear Crimping

Shear Crimping

Shear Crimping

• Face Se_aratlon

Shear Crimping

Shear Crimping

Shear Crimping

Facing Separation

Shear Crimping

Shear Crimping

Face Wrinkling Inward

Shear Crimping

Shear Crimping

Shear Crimping



I

I

1
I

SPECIMEN

TABLE" 11

EDGEWISE COHPRESSION TESTS - sANDwICH SPECIMENS C & CC

NOMINAL SPECIHEN SIZE: 0.6" x 2" x 3"

Faces : .7039

Core: 6951 type 6-80 x _", hexagonal cell

Brazing Alloy: 719

TEST FACING STRESS

TEMPERATURE AT FAILURE
"F psi

FAILURE
MODE

1

!

I

i
1

i
I

1

I
1

I
I

I

le

2.
3.
4.

5.
6.

I.
2.

3.
4.
5.
6.

le

2.
3.

4.
5.
6.

Io

2.
3.
4.

5.
6.

le

2.

3.
4.
5.

6.

I.
2.

3.
4.
5.

6.

I.
2.

3.
4.
5.
6.

I.
2.
3.

4.
5.

.6.

C47
C61
C152
CC56
CC60
CC61

C49
C63

ClO0
C135
C147
CC59

C55
C73
CI06

C140
C156
CC54

C48

C53
C56
C65
C137

CC64

C57
C58
C71
C96
CC53
CC58

C64
C68
C72
C104
C162
CC63

C52
C54
C62
C97
C98
CC62

CI05

CI07
C132
C154
C158

CC57

-423

-320

-200

-I00

RT

+200

+500

+600

56

55,400
'52,800

53,700
42,800
64,600
68,200

36,000
21,000
47,200

_9,500
52,400
56,500

'35,800
42,300
50,800
40,300
28,800
57,700

32,700
19,700

39,600
17,200
25,200
48,300

30,500
41,200
39,900
27,700
57,900
56,500

17,900
6,700

40,800
36,700
43,600
45,600

7,600
6,300

18,500
10,200

7,700
20,200

8,300
11,500

3,800
8,500
9,300
8,400

Shear Crimping
Shear Crimping
Face Separation
Face Separation
Not Available
Not Available

Face Separation
Face Separation
Face Separation
Face Separation
Face Separation
Fhce Separation

Face Separation
Face Separation
Face Separation

Face Separation
Face Separation
Face Separation

Face Separation

Face Se_aratlon
Face Separation
Face Separation

Face Separation
Face Separation

Shear Crimping
Shear Crimping
Face Separation
Face Separation

Face Separation
Face Separation

Face Separation
Face Separation
Shear Crimping
Face Separation
Face Separation
Shear Crimping

. Face Separation
Shear Crimping
Shear Crimping

Shear Crimping
Shear Crimping
Shear Crimping

Shear Crimping

Shear Crimping
Shear Crimping
Shear Crimping
Shear Crimping

Shear Crimping



]

]
1

!
!
4

]

i

-?

]

z "

4

]

]

J

]

]

1;
2.
3.
4.
5.
6.

1.
2.
3.
4.
5.
6.

1.
2.
3.
4.
5.
G.

1.
2.
3.
4.
5.
6.

1.
2.

3.
4.
5.
6.

1.
2.
3.
4.
5.
6.

! 12.
3.

• 4.

6.

1.

i 23.
4.
5.

SPEClHEN
NUMBER

A32 "

A37
A38

AA29
k_31
#.%75

AI7

AII8
AA41
AAI20-
AA124

Not Available

AI21
A128
AAI9

AA33
AAII8

Not Available

A81
All9
A143

AA45
AAI21

A4Q

A39

AA25
A97
A65

AA72
AAI23

AA22

AI04
A33
A79
AAI4
AA47

A139

A111
AA37

AA83
AA125
A132

A82
A127
A142
AA82
AA35
AA43

TA_ 12

_LATWISE TENSILE TESTS - SANDWICH SPECIHENS A & AA

Faces: X7005

Core: X700 _ type 6-8_ x _", hexagonal cell

Brazing Alloy: 719

TEST. FALLING
SPECIHEN TEMPERATURE STRESS

SIZE "F psi

2" x 2n -423

1" x 2" -320

2,460
1,970
2,330
1,820
1,820
1,480

1,820
1,540
1,520
1,080

96O

1" x 2" -200

I n x2"

I n x 2"

In X 2n
I n X 2"
2n X 2"
1n x 2"
I" x 2"
1" x 2"

2 n x 2"
2 n x 2"

"2" x 2"
In x 2':
I n x 2"
I" x 2"

111 X 2 '!

-I00

Room Temperature

200

500

600

57

1,600
1,380
1,580
1,240
1,070

1,710
1,730
1,730
1,670
1,230
1,620

1,730
1,370
1,070
1,080
1,250

720

1,080
600

1,500
1,530
1,220
1,370

880
698
710
726
500
720

415
411
450
349

42O
363

FAILURE
MODE

Core Tear
Braze
Braze
Bzaze and Core RooC
Braze and Core Root
Braze and Core Root

Adhesive
Braze
507. Core Tear
Braze
Braze

Braze
Adhesive
50% Core Tear
Braze
Braze

Core Tear
Braze
50% Core Tear
Core Tear
Adhesive
50_. Core Tear

Adhesive
Braze
Braze
Braze
Core Tear
Braze

Core Tear
Braze
Adhesive
Core Tear
Core Tear
Core Tear

Core Tear
Adhesive

Adhesive
Core Tear
Braze
Core Tear

Core Tear
Core Tear
Core Tear
Core Tear
Core Tear
Core Tear



•" 3.

4.

] 5.6.

le

2.
. 3.

4.

• 5.

6.

I.

3.
• 4.

i 6.

] 2.3.
4.

: 5.

1.
2.
3.

] .-5.
6.

1 1.
2.
3.

5.
g.

I.2.
3.
4.

6.

1.

_ 2.3.
4.

5.

SPECIMEN

NL_;BER

B35
BIO0

B107
BB32
BB76
BB90

BB59

BB79
BB91
B68

B69
Not Available

B22

B70
B_29
BB39 Hex

BB89
Not Available

B93-I "

_B3!
BB33
BB92
BI05

• Bll4

B67
B38
S49
B99

B102
BI03

B24
BB93

BBIO8
B32
B93-2
BB81

BB37 Hex
BB78
B96

BII3
Bl35
BB98

B37
,BB34
BB66

B28
B29

_ot Available

Faces:

Core:

Brazing Alloy:

TABLE13

FLATNISE TENSILE TESTS - SANDWICH SPECIMENS B & BB

X7106

6951, type 6-80 x _", modified square cell

716

SPECIMEN
SIZE

TEST FAILING
TERPERATURE STRESS

"F psi

2" x 2"

2** x 2"

2" x 2"

-423

-320

-200

930
1,370
1,220
I,_30

1,050
323

450
132
126
447
556

351

625
546

0 Failed Prior
to Test

129

2" x 2"

1" x 2"
I" x 2"
1" x 2"
2" x 2"
2" x 2"
2" x 2"

1" x 2"

2" x 2"

l" x 2"
2" x 2"

-I00

Room Temperature

200

5O0

600

58

1,130
977
519
496
868
722

230

680
510

1,070
745

820

880
330

80
870
180
350

370
125

610
540
380
187

260
210

201
246
235

FAILURE

MODE

Braze
Braze
Braze .
Braze & Core Tear
Braze
Braze

Braze
t!

t!

f!

w

Braze

H

t!

w

H

Adhesive
Braze
Core Tear
Braze
Core Tear
Braze

Braze
Braze
Braze

Braze
Braze
Core Tear

Braze

Braze
Braze
Core Tear
Braze
Braze

Braze
Braze
Core Tear

Core Tear
Core Tear
Braze

Core Tear

Core Tear
Braze
Core Tear
Core Tear



I

I

I

I

I

I

I

l

SPECIHEN

NUMBER

1. C34

2. C128

3. C151

4. CC6

5. CC13

6. CC92

l. C24

2. C32

3. C139

4. CCIO

5. CC8

, 6. Not Available

I. CI19
2. C131

3. C161

4. CCI95. CC75

6. CC107

I. C352. CI_5

3. C153

4. CCl8

5. CC26- 6. 6C70

1. C148

J 2, C423. CC81

4. CC23

5. CC80

6. CC168
t. C28

2. C31

3. C1294. C37

5. C45 _

6. C134

1. C120

- 2. CC67

3• CC72

4. C305. CC 74

i

I

I. CC66

2., CC73

3. C141

4. Not Available

5 • tt tt

_o . W " ff

TABLE 14

FLATNISE TENSILE TESTS - SANDWICH SPECI_!ENS C & CC

Faces: 7039

Core: 6951 type 6-80 x _", hexagonal cell

grazing Alloy: 71g

_--r,ST FAILING

SPECIMEN TEMPERATURE STRESS

SIZE "F psi

2" x 2" -423

2" x 2" -320

2" x 2" -200

2" x 2" -I00

I" x 2'_ Room Temperature

2" x 2"

2" x 2" 200

2" x 2" 500

2" x 2" 600

861

845

1030

530

766

640 ":

197a

0 Failed Prior

to Test

54

292

16#*

280 "

395

315

231

290

83

52

55

174

240

#*85

485

#*50

128

425

515

400

70-

207

620

715

120

345

340

250

705

460

500

560

437

390

1#.0

59

FAZLURE

MODE

Braze

Braze
Braze

Braze
Braze

Braze

Braze

tt

It

tt

f!

Braze

W

tl

W

n

II

Braze

it

N

tt

tt

N

Braze
H .

W

ff

Braze
• N .

M

1!

ff

Braze

l!

11"

W

Braze

fl

ff



.

TASLE 15

F1,AI"_ISECOb_PRESSIONTESTS - SAND_'ICHSPECIHENS A & AA

I

I

Faces: X7005

Core: X7005 type 6-80 x _", hexagonal cell

Brazing Alloy: 719

] SPECIHEN

NUMBER

I. A91
2. All6

3. A126

] 4. AA205. AA21

6. AAI26

!1 1. A192. A21

3. A89

4. At01

i_ 5. AAI5

J 6. AA18
7. AAII9

_ i, A20

2. A137

3. A-138

4. AA17

i. 5. AA73

6. AA79

1. A78

2. A125

3. AA39

4. AAII5

5. AAll6

;" 6. Not Available

I. AI8

2. A64

3. A83

4. AA71
5. AA76

6. AA77

1. A22

2. A84

3. A96

4. AA49

5. AA51

6. AA74

I. A1o
! 2. A106

3. A124

4. AA16

5. AA276. AA122

1. AA26

I 2. AA783. AA_0

4. A95

5. A98

6.. All3

SPECIMEN

SIZE

2" x 2" '

2 v' X 2"

2" X 2"

2" X 2':

2" X 2"

2:' x 2"

2" x 2"

2" X 2"

TEST FALLING

TEMPERATURE STRESS

°F psi

-423

-320

-200

-100

Room Temperature

200

500

600

6O

2,225

2,102

2,401

1,975

2,002

1,218

1,928

1,620

1,680

1,880

1,560

1,800

1,520

1,640

2,350

2,030

1,370

1,840

1,850

1,801

1,799

1,074

1,454

1,534

1,170

1,420

1,220

1,230

1,350

1,650

1,270

1,120

1,360

1,543

1,530

1,184

390

59O

5OO

590

720

610

370

260

320

310

350

360

REMARKS
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I
I

1
!

I
f"

°

1
1
I

1
1

I
1

I

le

2.
3.
4.
5.
6.

le

2.
3.
4.
5.

1.

2.
3.
4.
5.
6.

lo

2.
3.
4.
5.
6.

1.

2.
3.
4.
5.
6.

1.
2.
3.
4,

5.
6.

1.
2.
3.
4.
5.
6.

t.
2.
3.

4.
5.

SPECII_N
NUMBER

C20

C46
C117
CC9
CCll
CC24

C22

C40
C157
CC68
CC93

C3
C121
C124
CC15
CC21
CC82

C21
C43
C155
CC14
CC20
CCI06

C27
C29
C44
C138
CC25
CC94

C26
C23
C122
CC7
CC27
CC71

C41
C120
C127
CC22
CC69
CC78

C118
C123
C163
CC65
CC77

L . .

TABLE 17

FLATNZSE COMPRESSION TESTS - SANDWICH SPECIMENS C &CC

Faces: 7039

Core: 6951 type 6-80 x _", hexagonal cell

Brazing Alloy: 719

SPECIMEN
SIZE

2n x 2"

2" x 2"

2" x 2"

2" x 2"

2 tt X 2 tt

2" x 2"

2" x 2"

2" x 2"

TEST FALLING
TEMPERATURE STRESS

*F pal

-432

-320

-200

-I00

Room Temperature

200

500

600

1,705

1,578
1,372
1,578
1,367
1,300

1,400
1,250

995
890

1,040

1,430
1,170
1,200
1,040
1,290
1,120

1,530
1,060

1,350
1,020
1,210
1,090

620
890

1,070
940
850
740

830
1,180
9OO

1,010
790
710

460
370
360
580
690
400

210
270
310
290
380

62
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TASLE 19

FLEXtINE TE_TS ='_- 8AHIJW1CH SPECI_; h ;, I_15

Faces: X7106

•Core: 6951, type 6-80 x _", Hoditted :;qc_lre Cell

Brazing Alloy: 716

8PECIHEN

NUHBF_

TEST

TF.HP._F

FACING STRESS CORE

AT CORE OR SIIEAR
CORE BRAZE FAILURE STRESS

DIRECTION ]PSI PSI

2e

3.
4.

5.
6.

1.
2.

A.

5.

1o °
2.

3.

4.

5.

L.
20

t,.

5.
6.

_-kl.

2.

3.

4.

5.
6.

I.
2.

3.

t,o

5.

1.

2.
3.

&.

1.
2.

3.

84

B 129
B 133

88 64
U 65

BE 70

06

89

S 13-1
BE 7

BS .50

B 10

8 13-2
R 47

BB 41

SB 62

82
S 45

B &9
88 9

BE 11

BB 119

B 44

8 51

BB 5

8B 13

8B 43
B8 114

_2

B 46

BE 6

EB 8

B8 113

B 130

B 134

815 61
BE 71

S 125

S 126
88 97

8 ;L 118

*423

-320

-200

-I00

RT

-200

-50O

+600

L
L

L
L

L

CORE SHEAR
MODULUS

Pal

9p700 600

7,600 470
9,200 570 NoC Determined

9,500 590

10,000 630
10,000 630

11,090 690 48,200

10,350 640 299;600
11,020 680 !10,300

12,560 780 Not Determined
13,480 840 85,700

9,780 600 135,800
10,960 680 140,300

7,590 470 55,900
11,640 720 32,_00

11,700 720 37,200

10,350 640 18,500

8,630 530 29,100
7,660 480 12,300

5,670 350 15,800

15,160 940 25,000
8,510 530 92,700

8,300. 510 7,660
6,440 400 4,650

9,850 . 620 7,1_0

6,220 390 6,100
9,550 600

9,780 630 6,730

8,800 550 31,000

5,920 370 17,500
9,550 592 45,700

9,300 580 41,700
9,200 570 32,000

4,660 290 25,800
5,560 340 16,000

6,080 380 28,700
5,900 370 20,800

2,060 130 5,880
2,540 150 10,200

1,540 95 3,330
2,600 160 6,200

*Center Span 1o3dln 8 was used for tests aC -&23:F and 4 point for all ochers.

*_Addicional brazed specimens Casted at room temperature.

b-6_-L L 390
B-60-2 L 400

8-5_-3 L 430

San,e typ_ specimen except adhesively bonded with FHIO00.

6qSL-I L 390

64

12,900

II,300

14,20_

3I,qO0
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SPECIMEN TEST

rdNRER TEMPo OF

TAStX20

FCeXURETESTS_-SANnWICHSPECI_m.SC 4 CC

Faces: 7039

Core: 6951, type 6-80 x _', hexagonal cell

Brazing Alloy: 719

FACING STRESS
AT CORE OR

CORE BRAZE FAILURE
DIRECTION PSI

1. C 8 -423
2. C 16
3. C 73

6. C 130

5. C.C 31
6. CC 86

i" 1. c el -32o L

] 2. C 84 L

3. C 114 L
4. CC 43 L

; " 5. CC 99 L

I 6. CC 102 L

J 1. C 76 -200 L
2. C 89 L _

( 3. C 90 L

4. C 92 L
5. CC 30 L

6. CC 36 L

'i I. C 15 -100 L

2. C 133 L3, C 139 L
4. CC 34 L

_ 5. CC44 L
6. CC I00 L

I *'* 1. C 110 RT L

2. C Ill L

3. C 142 L
i 4. CC 29 L

5. CC 37 " L .6. CC 90 L

1. C 9 ÷200 L

2. C 109 L

3. C 136 L6. CC 47 L
3. CC 50 L

6. CC'103 L

1. C 18 ÷500 L2. C 77 L
3. CC 33 L

4. CC 88 L

5. CC 98 L
1. ¢ U -600 L
2. ¢ 113 L

3. CC 91 _ L

4. ¢C 97 L5. CC 105 L

i

I

i

CORE
SHEAR

STRESS
PSI

12,600 780

11,300 700
18,500 1,150

16,000 990
12,400 1,120

12,200 1,100

6,330 390

11,180 690'

16,180 1,000

13,330 1,200
11,450 1,030

11,480 1,030

14,390 890
16,780 .1,030

11,820 730
8,360 520

12,960 1,170

13,260 1,190

13,300 830
13,170 470

7,800 520

11,500 1,040

11,300 1,020

9,410- 840

4,700 290

10,950 680

13,450 840

11,300 1,020

8,980 810
8,720 790

• 14,720 920-

7,540 470

I0,900 670
9,370 840
7,260 650

10,310 930

7,550 470

6,630 410

6,670 600

6,790 610
6,760 610

2.600 160
2,860 180

2.500 230
2,480 220

2,090 190

*Center span loading was used for tests at -423_F and 4 point for all others.

t_Addittonal brazed specimens tested at room temperature.

CC-87 L 1120

CC-101 L 950

_'_ Same type specimen except adhesively bonded with F'HIO00.

_51-2 L 550

65

CORE SHEAR

MODULUS

PSI

Not Determined

69,000

101,000

187,700

1L6,000

166,000

. 96,700
47,200

130,900
217,900

102,500

149,200

Not Determined

Not Determined

31,770

ll,llO

16.200

25,000
18,000

23.200

21.350

54,650

19,800
26,500

23,040

7,900

9,050
6.250

7,900
.5,040

86,000

89,000

21,000
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2.
3.

4.
5.
6.

1.
2.
3.

1.
2.
3.

1.
2.
3.

1.

2.
3.
4.
5.
6.

"1 •

2.
3.
4.

1.
2.
3.

1.
2.
3.

S PECIMEN
•NUMBER

A23

AA59
AA62
AA63

AAU0

A15
AA64
AA108

A31-2
AA58-
AA65

A3
AAI05

AAI93

A36

A67
A73-1
A144

AAI07
AA144

AI08
AA66
,_70
AAU2

Al10
AA68
AAI03

A35
A41

AA106

TABLE 21

PLATE CORE SHEAR TESTS - SANDWICH SPECIMENS A &AA

NOMINAL SPECIMEN SIZE: 0.6" x I" x 6"

(The core on the 2" specimen width was milled to I" to

prevent adhesive failure between the specimen faces and
the fixture.)

Faces: X7005

Core: X7005 type 6-80 x _", hexagonal cell -

Brazing Alloy: 719 -

TEST ULTIMATE CORE
TEMPERATURE CORE SHEAR STRESS

°F DIRECTION psi

-423

-320

-200

-100

RT

+200

500

600

T

T

T

L

L

L

1,260

1,190
1,140
1,200
1,140
1,150

1,030
1,140

950

600

985

830

845

810
945

430

700

500

770

1,060

770

710
710

700
710

330
310
250

190

230

170

66

CORE SHEAR

MODULUS

psi

65,000
59,000
24,600

150,000
106,000
203,000
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Table 24

Room Temperature Flatwise Tensile Tests of Honeycomb Core Sandwiches Adhesive

Bonded with FM I000

Core Material

6951

Core Type

6-80 x _" square
cell

Flatwtse

Tensile Strength Failure

psi Mode

460• Core Tear

6951 6-80 x _"
hexagonal cell

550 20% Core Tear
80% Core-to-face

adhesion

X7005 6-80 x _"
hexagonal cell

830 100% core-to-face
adhesion

I
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2.2 QUENCHING -%NDTOOLING DEVELOPMENT FOR LARGE (CURVED) PANELS

This section presents the brazing tooling and quenching system

studies. Initial evaluations of quenching media and brazing tooling were

performed in brazing flat panels having X7106 faces, 6951 co_e, and the No. 716

brazing alloy. Minimum distortion quenching procedure using liquid nitrogen

were developed. Two large size Cylindrical section brazements approximately

30" long were successfully fabricated from X7106 alloy facings, No. 22

brazing sheet core, and the No. 719 brazing alloy. These panels were

furnace brazed and liquid nitrogen quenched with minimal distortion. Evalua-

tion of braze quality included ultrasonic and radiographic methods. The

general limits of these non-destructive inspection methods were defined.

Both of these systems were shown to 5e superior to thermographlc and isotope

radiographic inspection.

2'.2'] Quenchin_ and Tooling Tests

Brazing process development Was combined with tooling development.

The first step was fabrication of two 18" x 18" egg-crate type quenching

fixtures; one of stainless steel, the other of "Transite". W These fixtures

are shown in Figures 30 and 3_ after quenching from IO00°F into room

temperature water.

Although brazements were water quenched initially, the continuing

literature survey uncovered a paper by E. Dullberg** which described the

results obtained by quenching aluminum alloy parts in liquid nitrogen rather

than water. Welded assemblies and stamped sheet metal parts were free from

distortion and resldual-stress after quenching in liquid nitrogen. Identical

parts, quenched in water, were badly distorted.

_'Transite" is a Johns-Manville asbestos cement sheet.

*_'Cryogenics for Distortionless Heat Treating", E. Dullberg, Gru_man

Aircraft Engineering Corp., SAg paper 844c, April, 1964.

"Cryogenics Squelch Quench Distortion", E. Dullberg, SAg Journal,
August, 1964_ p. 86-88.
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Consequently, the three quenching media which were evaluated were

water, liquid nitrogen and air.

Prior to sandwich brazing and quenching, a test was conducted on

portions of sandwich panel t,_,.

Identlcal specimens from the same portion of panel B were solution

heat treated at 900°F in air• One specimen then was quenched in room

temperature water; the other in liquid nitrpgen. No apparent difference was

noted and neither sandwich specimen was distorted. The specimens are shown

in Figure 32. Sheet metal specimens, tested earlier in the program (in

contrast to a stabilized sandwich), were distorted when quenched in water.

The specimens (X7106 faces brazed to 6951 core With the No. 716 alloy)

then were aged 48 hrs. at 250°F. Tensile specimens from the faces were

tested at room temperature. The following data were obtained:

Quench

Specimen No. Medi_.._a

W-I Water 58.0

W-2 Water 58.9

W-3 Water 58.2

W-4 Water 58.4

N-5 Liq. N 58.0
N-6 Liq. N 2 58.2

N.7 Liq. N 2_ 58.5

N-8 Liq. N
58.4

brazing

Tensile Yield

Strength Strength

KSI KSI

Elongation

Percent

49.5 13

50.3 15

50.5 12

48.0 12

Not Determined 12

48.4 13

48.5 15

47.1 13

Next, the steel and transits quenching fixtures were used to quench

loads into room temperature water•

The stainless steel fixture retained flatness and was unaffected by

quenching. Some cracking of the "Transits" fixture occurred, but the cracks

apparently wcre caused by expansion of the tight fitting steel tie rods.

72





• po3oH eun oouozo]]Tg 3uo_uady oH -uu_o,z3TK pTno$_ u$
_zoq_O oq3 fzo3eM ozn3uzodm_woo_uTpoqouonb ouo :_uTqouonb _q

ponoTTot do006 3w po3uo_ 3eoH uoy3nlo$ g Touud jo 8uoy3oo$ OAT.

f ...........

_ o_nJTd

c_
,,-t

_o
r'rt
-o

c_
c-J

¢vl
r" I%

N mmam mmmm mm_eue Ilmmemw m llmmm





I ,

I

I

I
1

-1

1
I

1

1

'1

I

1
t

't
i

1

I

i
I

1.

The brazing loads within the fixtures were comprised of 3003 aluminum

alloy retort and various sandwich panels. During quenching, the retorts

remained flat within the fixtures, but their tendency to distort coupled

with restraint from the fixtures, caused core crushing of th_ panels within

the retorts. In addition, the retorts distorted when they were removed

from the restraining fixture. The third aluminum retort was quenched into

liquid nitrogen without any fixturing and was relatively free from distortion.

The three aluminum retorts are shown in Figure 32A.

Also quenched into liquid nitrogen were sheet aluminum specimens

and a specimen of "Marlnite".* These materials and retort No. 3 are shown in

Figure 33 after quenching. The sheet aluminum did not_dis6ort and the

"Marinite" was riot damaged.

The 3003 aluminum alloy retorts caused unexpected problems. The

first two apparently leaked during the brazing cycles. Following the

brazes, the retorts were dye-checked and cracks were found. Retort No. 3

was dye-checked before and after brazing and found to be free of cracks.

However, the aluminum tubes inadvertently were pulled off at approximately

1050°F. These were problems which could be prevented, but there did not

appear to be a significant advantage in using aluminum retorts. The next

retorts were to be fabricated from either carbon steel or stainless steel.

Two additional brazing loads were quenched into liquid nitrogen.

Both retorts were flat and constructed of carbon steel. The steel retorts

and panels within were relatively free from distortion, compared with steel

retorts which had been water quenched. However, both carbon steel retorts

cracked while submerged in the liquid nitrogen. Consequently, a 300 series

stainless steel was used for the subsequent retorts.

*A Johns-Manville asbestos cement sheet, much like "Transite" except that

it is lower in density and has higher temperature capabilities - rated

to 1200°F by Johns-Manville.
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2.2.2 Cylindrical Section Brazements

The quenching study showed that sandwich panels could be quenched

into liquid nitrogen without distorting, appreciably. A curved brazing

fixture, sultable for a cylindrical section brazement was fabricated from

"Marlnlte". Two views of the flxture are shown in Figures 34 and 35. The

steps required to braze and quench a section of a cylinder are shown pictorially

in the subsequent figures.

The brazements were comprised of .062" X7106 faces, '005" No. 719

brazing a11oy and honeycomb core fabricated from No. 22 Brazing Sheet, type

6-100 x .6", resistance welded. The retort parts and panel parts were pre-

formed and match fitted to the brazing fixture contour. The panel faces and

brazing loll were cleaned by abrasion and degreased. The honeycomb core was

machined flat by sanding and cleaned by degreasing.

One X7106 aluminum facing sheet was positioned in the retort and strips

of brazing alloy foll were tack welded in place as shown in Figure 36. The

brazing alloy foil had varying degrees of rolling defects as shown in Figure

36. &n 0.050" 321 stainless steel buffer sheet had been placed between

the X7106 panel facing and the retort. Next, the roller formed honeycomb

core was positioned over the brazing alloy as shown in Figure 37. Thermo.

couple tubes (not shown) then were positioned into the ends of the panel'to

a depth of 2". A 2" trim line was planned for the full panel periphery.

Brazing alloy foll then was stretched over the top facing sheet of panel

and tack welded in place- After placing the top

facing sheet over the core, another .050" buffer sheet was added and retort

cover was welded in place.
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Figure 35 Side View of Exeernal Brazln_ Fixture.
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The top half of the brazing fixture was clamped in place and the

retort was leak tested and purged by ten consecutive cycles of evacuation

and back fill_ng with argon. The vacuum line and argon flow then were

regulated to provide an atmospheric clamping pressure of 0.3 psi on the retort.

The assemSly was furnace brazed in an electrically heated circulating

air furnace, preheated to 1000°F. It required 80 minutes to heat to brazing

temperature range which was 1050 ° to 1070°F. Following brazing, the assembly

was lowered out of the elevator furnace, rolled out from under the furnace,

picked up with a crane, then submerged into a container of liquid nitrogen.

These steps are shown in Figures 38 and 39. The part air cooled from

1050 ° to 900°F in 9 min.* At 9000F it was submerged into liquid nitrogen,

then required 6 mln. to reach 2000F. Within another 3 min. it was cooled

to just below room temperature.

After stabilizing at -320°F, the fixture was withdrawn from the liquid

nitrogen as shown in Figure 40. The retort and fixture are shown in Figure 41

after warming to room temperature. There was no apparent distortion or damager

to either one. The brazed panel, after rough trimming, is shown in Figure 42.

There appeared to be an edge how of about 0.030", but the central portion was

straight within .005".

Further visual and radiographic examination showed heavier fillets

in the central portion than at panel edges indicating brazing alloy run-down

and there were some face-to-core gaps at edges indicating lack of clamping

pressure in those areas.

*900_F is above the minimum solution heat treatment temperature for X7106.
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Figure 38 brazing Fixture and Retort Rolling out From Under Furnace,
l_medlate ly Followlng Brazing.
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Figure 39 Brazing Fixture and Reeore Suspended over Container of
Liquid Nitrogen.

84



°uo_o.s:lTH pTnbT'l moz_j SUTAOmOtl zo::lJe :izo:IoH pue ozn:JxT_r _JUTZW_tg 0_" oan_T4

oo



• ua_ol_TH pTnbT_ o_u T

SuTqauonb =o_Vu_oqs o=n_xTa 3uTze=_ _o _TeH pue 3=o_au

oO



°TTO_I 6TL "off _I:)Tq_ ._00" 8e_ _oITv 8uTze.Tt_t
Otl:l pue 90ILX e,zo_ eo:_e_l Ioued oq_ "_UTU_UT,Z.'[tl_no_I :zo3_V

uAoqs TDued q_Te_pue8 p_qouenb uoSo, z:iT_I pTnbTq pue peze,zg

\

OO





I

I

I

I

I

]

]

}

I

Consequently, the second panel incorporated assembly changes and the

brazing temperature was decreased. The assembly changes were: I) the panel

faces were made smaller to keep them 2" away from the retort edge frames, and

2) stainless steel buffer sheets were increased to 0.i" thick to more 'fully

pack t the retort. The brazing time cycle was shortened to 50 minutes by

preheating the furnace to 1200°F and the brazing temperature was reduced to

the range 1035 ° to 1050°F. Quenching was done as described for the first

panel. Upon opening the retort, it was found that the brazing alloy had not

fully melted. The retort then was resealed and the panel rebrazed through a

cycle identical to that for Panel No. I; i.e., 1050 ° to 1070°F_ The second

panel, after rebraze, is shown in Figure 43. Visual examination indicated

that it was fully brazed and had uniform filleting throughout. Its shape

was maintained very well through the brazing and quenching process. Element

lines were straight and the curvature was uniform.

Both panels I and 2 were aged 48 hrs. at 250°F and were inspected as

described below. Panel No. i edge trim material (braze coated) and panel

extension material (not braze coated), were tensile tested at room temperature.

The tensile data are reported below:

X7106 facings, 0.062" thick, cylindrical section brazement No. I,

liquid nitrogen quenched from 900°F and aged48 hrs. at 250°F.

Tensile Yield

Specimen Strength Strength Elongation

Number _ psi psi %

I 47,100 44,100 1.0

2 47,600 42,400 4.5

3 50,000 41,900 4.5

"4 50,500 44,500 4.5

5 47,900 43,000 3.0

Panel Extension (same as above except not braze coated).
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Figure 43
¢-

Second Brazed and LiquidNltrogen Quenched Sandwich Panel

Shown in Retort. The Panel Faces were X7106 and the Brazing
Alloy was .005 tt Thick No. 719 Foil.
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Specimen
Number

1

2

3

4

5

Tensile

Strength

psi

56,300

55,200

55,300

54,500

54,600

Yield

Strength Elongation

psi %

39,600 17.0

38,800 17.0

41,500 17.0

35,400 20.0

40,500 17.0

The panel extension data suggest that the described quenching rate

still was not fast enough because the X7106 minimums were not achieved. The

differences between data from panel extensions and from panel faces show the

effect of the No. 719 brazing alloy on X7106. Ultimate tensile strength and

elongation were reduced, but the yield strength was increased, as a result

of brazing alloy diffusion.

Faster quenching can be achieved by post braze heat treating the

panels without retorts. Previously, it was reported that liquid nitrogen

quenched X7106 sandwiches had the following facing tensile properties:

Ftu 58,000 psi

Fty 48,000 psi

Elong. 13%

Additional panel extension material, processed with cylindrical

section brazement No. i, was aged 72 hrs. at 250°F. It had the following

tensile data:

Tensile Yield

Specime n Strength Strength Elongation

Number psi psi %

1 58,000 48,700 10.5

2 55,400 46,100 12.5

3 55,100 46,800 I0.0

4 56,000 47,200 8.5

5 56,800 47,600 11.5

Extended aging times significantly increased the yield strength of

X7106--for the specific quenching rate reported on the preceding page.
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2.2,3 Non Destruction Inspection Methods

Ultrasonic Inspection

The two cylindrical section brazements are subsequently identified

as panel D and panel E. Panel D wa's the first one brazed. Panel E was the

second brazement, which was processed through the dDuble brazing cycle.

Zhe ultrasonic inspection set-up for panels D and E

is shown in Figure 44. Both the panel and transducer were submerged in water

for the inspection. The signal from the transducer was automatically printed

to provide a permanent record of the inspection. Photographs of the inspection

records and the panels are shown in Figures 45 through 48 . Figure 49

shows the result of a repeat inspection of the central portion of the concave

side of panel E.

The ultrasonic inspection records showed the panels to be at least

90% brazed. Most of the evident voids were attributed to discontinuities in

the brazing alloy foil or honeycomb core assembly.

Radiographic Inspection

A series of tests were conducted using a beryllium filter X-ray tube

in contrast to a nonfiltered X-ray radiation used elsewhere in this report.

Time, voltage and film type were varied to determine optimum inspection

parameters.

Figures 50 and 51 show optimum ranges of operating parameters and

positive prints of typical radiographs. Figure 51 shows a portion of the

radiograph of curved panel D.

A detailed comparison of radiographic and ultrasonic inspection

confirmed that the ultrasonic inspection report was accurate _nd destrucVive

inspection of edge trim material further substantiated the accuracy of the

ultrasonic inspection report.
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Figure 44 Set-up for Ultrasonic Inspection of Curved Brazement.
and Service Provided by Automation Industries,
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Photograph
Inc., Columbus, Ohio.
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Convex Side of Brazed Honeycomb Sandwich Panel D and its Correspond-
ing Ultrasonic Inspection Record.
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F£gure 46 - Concave Side of Brazed Honeycc_nb $andvtch Panel D and lee Correspond°
ins Ultrasonic Inspection lt_cord.
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Flsure 47

NOT REPRODUCIBLE

Convex Side of Brazed Honeycomb Sandwich Panel E and its
Corresponding Ultrasonic Inmpection Record.
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Figure

NOT REPRODUCIBLE

48 , Concave Side of Brazed Honeycomb Sandwich Panel E and its
Corresponding Ultrasonic Inspection Record.
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Fig ure 49

NOT REPRODUCIBLE

Ultrasonic Inspection Record of an Inspection Rerun of

the Central Portion of the Concave Side of Brazed Honey-
comb Sandwich Panel E.

97





_o
0o

ka

b

N

-'4

r_

C_

r_

Figure 50 PosiClve PrlnC of the Radiograph of FlaC Sandwich Panel No. 11,
Using Bery111um FllCered X-ray Radiation. Compare wlCh Figure 51,
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Comparing panels D and E and their inspection reports with similar

reports on panels A •through GG (Section 2.1 ), the non-destructive techniques

are only useful to define large, distinctive fillets, or areas of complete

void. Questionable brazes would require proof testing or an experimental

program to develop standards which compare proof loads and inspection

reports; ideally, such a program would • be done with identical materials and

material gauges that were used in some specific hardware.

Two additional inspection methods were evaluated and are reported

below:

Isotope Radiography

Samples were sent to the Isotopes Dev. Center* for radiography with

the isotope Pm 147. The procedure and results are shown in Figures 52 and 53

The conclusion was that conventional X-ray procedures produced more

definitive information.

Thermography

The Magnaflux Corporation offers an inspection system trade-named

_Bondcheck t. It is most useful for sandwiches having facing thickness of

0.025" or••less. Its use was attempted on an 0.040" facing thickness aluminum

sandwich without success. A specimen of brazed aluminum sandwich then was

sent to the Magnaflux Corporation for their analysis.

Magnaflux reported the following:

"Attempts to indicate the unbonded areas in the submitted sample

using BC-2, 3 and 4 were unsuccessful. The skin surface was heated

to approximately 400°F without any pattern indications being formed.

We were able, however, to develop pattern indications using BC-I

*Courtesy of F. N. Case, Isotopes Dev. Center, Oak Ridge National Laboratory,
Oak Ridge, Tennessee.
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test fluid. Unfortunately, the indications are fugitive; they do,

however; remain long enough to enable the viewer to distinguish

between the bonded and unbonded areas. The pattern indications

began to form at approximately 160°F, the maximum temperature attained

was 200°F. This is well within Aeroncats tolerances-(250°F to 375°F). ''
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#2.3 BRAZED AND LIQUID NITROGEN QUENCHED FLAT PANELS

This section presents the brazing and testing results for honeycomb

core sandwich panels fabricated from X7005 and X7106. They differ from the

panels described in Section 2.1 in Several import aspects: I) the honeycomb

core was fabricated from 0.005" thick foil, rather than 0_008" foil, and had a

resulting core density of 6.2 Ibs. per cubic foot; 2) the brazing a11oy was

0.005" thick foil, rather than preplaced, flame sprayed brazing alloy coatings; an

3) rapid quenching rates were accomplished by quenching the panels into

liquid nitrogen,

Four panels, each five square feet in size, were to be brazed to

provide a sufficient number of test specimens for the testing program. Two

panels had X7005 faces and core and two panels had X7106 faces and X7005 core.

The No. 7i9 brazing alloy was used in the form of 0.005" thick foil in all

panels.

Twenty square feet of honeycomb core were fabricated by resistance

welding and machined flat by sanding. The X7005 core was a nominal Type 6-50

x I/2 I', hexagonal cell. The 0.005" thick X7005 ribbon was resistanced welded

without problems. The measured core density was 6.2 pounds per cubic foot.

Precise measurements of the completed core, as used in subsequent calculations,

were the following:

Blanket Thickness 0.52"

Ribbon Thickness 0.0054"

Cell Size, diagonal to node welds 0.353"

Cell Size, normal to node welds 0.367"

In keeping with past part identification procedure, the panels were

given consecutive letter identifications. The first panel with X7005 faces

was identified "F", the second panel with X7005 faces was identified "FF".

Similarly, the two panels with X7106 faces were identified "G" and "GG".
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The order in Which the panels were brazed was important with respect

to tooling methods, brazing cycle, and subsequent material properties;

accordingly, the brazing order and panel description appear in Table 25.

2.3,1" Tooling and Brazing Methods

Stainless steel was selected for the retort material, for the first

two brazements (panels F and G). The third and fourth brazements were

brazed in aluminum retorts, fabricated from alloy 3003.

The panels were 24" x 30" in size and the retorts were approximately

6" larger, having 0.060" thick u-channel edge members and 0.030" thick

faces. One thermocouple was centrally located in each of the four retort

edge members. The thermocouples were welded to the closed-end tubes on

the stainless steel retorts, but were crimped in place in the aluminum

tubes of the aluminum retorts.

Brazing was done in a large , bottom-drop, circulating air furnace_

which had been shown in Section2.2.The first brazement (F) was made without

external fixturing and the stainless steel retort warped during cool-down

from the brazing temperature. The second retort (G) was positioned in the

fixture described in Figure 54. It also warped during cool-down, but the

warpage was less severe than the first. The next two brazements (FF and GG)

were made in aluminum retorts positioned in the brazing fixture as shown in

Figure 55. Note, however, that the mass of the fixture was reduced by

cutting down each half from the original thickness of 12" to 6". No warpage

occurred with the aluminum retorts and panels FF and GG were flat within the

limits of the fixture.

Brazing Parameters and Results

The aluminum alloy panel parts and retort parts were cleaned with a

mild abrasive cleaner and hot vapor degreased. In addition, the brazing alloy

foil and panel laying surfaces were hand sanded and degreased a second time.
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TABLE25
PANELSBRAZEDANDBRAZINGORDER

O_

Pane I Pane 1 '

Code Description

Braz ing

Order

62 MI! X7005 Facings

Type 6-50 X7005 Core

719 Brazing Alloy 5 Mils

thick per face for all

panels

F I

O 62 MII X7106 Facings 2

Type 6-50 X7005 Core

62 Mil X7005 Facings

Type 6-50 X7005 Core

FF 3

GO 62 Mil X7106 Facings 4

Type 6-50 X7005 Core

Brazing Tooling

Method

Stainless Steel Retort

No Fixture

Stainless Steel Retort with

External Fixture

Aluminum Retort with

External Fixture

Aluminum Retort with

External Fixture

Note: All panels were furnace brazed in the range of 1045 ° - I075°F. All panela were 24"x30"x0.64" thick.
J
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Figure 54 - Flat Brazing Fixture Fabricated from l" Thick Asbestos

Cement Board
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After panel was retort assembly was completed, the retorts were leak checked

by evacuation, then purged five times with purified argon. The argon flow

I

I

I

rate was set at 15 CFH for the brazing cycle with the retort slightly evacuated

to provide an atmospheric clamping pressure of 0. I psi.

Brazing time-temperature cycle_ are shown in Figure 56. Panel F,

without external fixturing, had the fastest total time cycle. Panel @, with

the most massive fixture had the slowest total time cycle. •Panel FF was

purposely brazed at a slightly lower time-temperature cycle than F, because

examination of Panel F showed a substantial amount of brazing alloy run-down

with large bottom face fillets and small top face fillets. During the FF

brazing cycle at approximately 950°F, the aluminum vacuum tube separated

from the retort; consequently there Was no face-to-core clamping pressure

and atmospheric contamination may have back-streamed into the retort. Panel

GG was brazed at an intermediate time-temperature cycle. The brazing time-

temperature cycles and results are summarized in Table 26.

Radiographic examination showed that panels G and GG were 100%

brazed and had uniform fillets throughout, except that bottom-face fillets were

slightly larger than top-face fillets.

Radiographs of Panel F showed that approximately 2/3 of the brazed panel

was not acceptable. There were large areas without face-to-core contact and

i

I

I

I

other areas with sheared core at the fillets; both apparently caused by warpage

during cool-down. Radiographs of Panel FF showed incomplete melting of the

brazing alloy, but most of the panel had small, well defined fillets. •

There was no evidence of•crushed or dissolved core in any of the

•four panels.

Figure 57 shows Panel F with its specimen layout and an example of a

torn core is shown algo in•Figure 58. A portion of Panel FF is shown in Figure

59. Since the quality of Panel FF was not definitely established by radiography,
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TABLE 26

BRAZING TIMES AND RESULTS

Panel Brazing

Co de Tempe ra tu re

F 1050 ° - I065°F

FF 1045 ° - 1060°F

G I050 ° - I075°F

GG 1050 ° - I070°F

Time at

Temperature

i0 minutes

6 minutes

25 minutes

lO-12 minutes

Braze Quality

!percent of total area)

30% brazed, owing to warpage

80% brazed, small fillets

100% brazed, uniform filleting

100% brazed, uniform filleting

Remarks

_=_

J
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Fizure 57 - Brazed Sandwich Panel F showin_ specimen layout.
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a flatwise tensile test was conducted. The specimen failed at a low stress level

because of incomplete brazing alloy melting as shown in Figure 60.

Macrographs of Panels F and FF (sectioned near node weld joint) are

shown in Figure 61 . Note that there was no appreciable diffusion of the

No. 719 brazing alloy into the X7005 faces' Although the-brazing alloy

flowed on the core cell walls, there was no significant flow and filleting

in the node joints.

Panels G and GG are shown in Figures 62 and 63 and their respective

macrographs are shown in Figure 64. Brazing alloy diffusion into the X7106

faces occurred to depths ranging from 0.010" to 0.030". Panel G had a sub-

stantial amount of node flow, but Panel GG had node flow in only local areas.

Heat Treatments

Panels F and FF (X7005) were quenched by the brazing cycle and aged

7 days at room temperature and 95 hours at 250°F. The quenching rate was

15 ° to 20°F per minute.

Panels G and GG (X7106) were heat treated after brazing by solutioning$

for 30 minutes at 875°F followed by quenching into liquid nitrogen. The

aging treatment was .I day at room temperature and 96 hours at 250°F.

All of the specimens from Panels G and GG were tested and selected

specimens from Panel F were tested. Panel FF was considered scrap, except

for facing tensile coupons.

2.3.2 Test Program

Table 27 surr_narizes the room temperature test data and compares it

with calculated values.

Figures 65 through 73 summarize all of the test results in graphical

form and the detailed test data are presented in Tables 27 through 43. The

resul_s are discussed below with respect to the brazing process arid tO the

sandwich properties.

Effect of Brazin_ Process on the Sandwich Facing Materials

Tensile data on the sandwich facing extensions (bare) show that the
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Figure 60 - A failed flatwise tensile specimen from Panel FF 8howin_
incomplete brazing alloy meltin_ and lack of face-to-core

con I:ac t. -
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Fi?ure 62 - Brazed Sandwleh Panel O showln_ specimen layout.
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Fto_ure 64 - Left:

Rightz

Section from Brazed Panel G showing brazing alloy diffusion into face sheets

and partial brazing all@y node flow.

Section from Brazed Panel G showin_ brazin_ alloy diffusion into face sheets

and no brazing alloy node flow.
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Figure66 - Tensile properties of brazed sandwich facings and

facing extensions (bare). The brazing alloy was No. 719.
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PUBLISHED ALCOA DATA

Room Temperature
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Ty pi ca I

51

42

13

Room Temperature
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Figure 69 Published Tensile Data on Alloys X7106 and X7005
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Flatwise Tensile Strength of Brazed Aluminum

Honeycomb Core Sandwiches
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TABLE 27

TEST DATA SUMMARY

_O

o

Brazed Panel F

X7005 Faces

X7005 Core

Type 6-50 x 1/2"

Sandwich Facing Extension, 52,000

psi F
tu

F 44,000
ty

Sandwich Facing, psi F 50,000
(Coated with tu

brazing alloy) F 44,000
ty

Sandwich Edgewise Compression 51,000

Ult. Facing Strength, psi

Sandwich Flatwise Compressive 770

Strength, psi

Sandwich Flatwise Tensile 860

Strength, psi

Plate Core Shear Strength, 500

L Direction, psi

Plate Core Shear Modulus, 87,000

L Direction, psi

Brazed Panel G

X7106 Faces

X7005 Core

Type 6-50 x 1/2"

59,000

51,000

53,000

48,000

50,000

1,000

950

580

200,000

Brazed Panel GG

X7106 Faces
X7005 Core

Type 6-50 x 1/2"

60,000

52,000

53,000

48,000

61,000

950

i,140

635

114,000

Calculated Data

Appendix A
X7005 Core

Type 6-50

620

1,270

560

55,000

• . rf
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Spe cimen
Number

G

G

G

GG

GG

GG

G

GG

GG

GG

GG

GG

G

GG

GG

GG

GG

GG

G

G

G

GG

GG

GG

G

G

GG

GG

GG

GG

GG

GG

GG

GG

GG

GG

TABLE 28

TENSILE DATA - PANELS G & GG

FACING E XTENSION

Bare X7106, 0.062"thick.

Solutioned at 875°F, quenched into liquid nitrogen,

"aged 1 day at room temperature and 96 hrs. at 250°F.

Ultimate Yield Strength

Test Temp. Tensile Strength 0.2% Offset

°F psi psi

-423

-320

-200

R.T.

200

500

83,700

82,500

80,700

82,500

90,800

84,600

71,600

71,700

72,700

74,800

73,500

72,200

66,600

67,700

66,400

65,300

68,800

67,000

59,500

59,400

59,000

60,600

60,500

58,900

53,400

56,500

53,500

56,000

53,700

53,500

13,400

16,200

13,200

20,000

15,000

19,000

Not available

60, 5OO

: 67, 100

65, 80O

Not available

67, 100

61,400

62, 100

63,500

64, I00

65,000

60,700

59,100

59,400

56,900

56, 8OO

59,000

58,700

51 600

51 100

51 600

52 700

53 100

51 300

49,800

51,500

47,400

50,400

50,000

50,200

11,800

14,300

12,200

17,500

13,000

17,900
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Elongation
Percent

8

6

6

8

6

6

13

13

II

12

II

II

14

14

14

14

14

14-

13

14

15

12

12

14

13

12

16

15

14

14

12

16

25

12.

15

19
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Spe cimen
Number

G
G
G
GG
GG
GG

G
G
GG
GG
GG
GG

G
G
GG
GG
GG
GG

G
G
G
GG
GG
GG

G
G
GG
GG
GG
GG

G

GG
GG

TAB LE 29

FACING TENSILE DATA - BRAZED PANELS G & GG

X7106, 0.062"thick, coated with brazing alloy No. 719

Solutioned at 875°F0 quenched into liquid nitrogen, aged 1 day at room

temperature and 96 hours at 250°F.

Ultimate Yield Strength

Test Temp. Tensile Strength 0.2% Offset Elongation

° F psi psi Percent

-423 62
71

69
65

67

62

-320 58,

60,

59,

60,

58,

63,

-200 55,

57,
59,
59,
56,
61,

R.T. 51,

52,

53,

52,

54,

53,

200 47,

49,

49,

51,

50,

49,

500 12,

20,

12,

500

100

200

300

400

139

I00

800

700

400

900

900

000

800

400

6OO

9OO

4O0

300

7OO

90O

100

700

200

40O

I00

7OO

6OO

Z00

9OO

800

80O

7OO

54,60O

Not available

Not available

59, 5OO

62,800

53, 100

54, 9OO
55,700

56, I00

56,000
54,500

57,600

53,000

53,100

57,800

54,400

53,600

54, 80O

47,300

48, 100

50,000

47, I00

49,700

47,300

44,400

45,300

44,800

46, I00

46,500

44,900

11,300

19,800

I0,200

0.5

0.5

2

2

2

2

3

3

2

3

2

5

3

4

4

5

3

5

4

5

I

4

4

3

3

3

8

6

4

5

20

12

30
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TABLE 30

TENSILE DATA- I'ANELS F & FF

FACING EXTENSION

Bare X7005, 0.064" thick

Solutioned at 1060°F by a brazing cycle, air quenched to room temperature

at a rate of approx. 20°F per minute, and aged 7 days at room temperature

and 96 hrs. at 250°F.

1

I
]

!

J
]
')

i

)

]
°

I

i

l

I

I

Specimen Test Temp.

Number °F

F -423

F

F

FF

FF

FF

F -320

F

F

FF

FF

FF

F -200

F

F

FF

FF

FF

F R.T.

F

F

FF

FF

FF

F 200

F

F

FF

FF

FF

F 500

F

F

FF

FF

FF

Ultimate Yield Strength

Te nsile Strength 0.2% Offset Elongation

psi psi Percent

86,600 62,300 20

84,900 60,800 19

85,800 55,600 16

Not available 59,500 8

85,300 Not available 8

83,900 Not available 9

64,600 55, 100 11

67,800 58,000 13

67,300 56,800 13

64,500 54,600 13

65,400 54,800 14

64,700 54,600 14

60,700 53,200 12

60,700 50,600 13

61,700 50,600 12

59,400 52,500 13

59,300 51, 100 13

59, 100 50,600 14

51,700 43,800 13

50,000 45,300 13

53, 100 44,500 14

49,500 44,400 13

49,500 43,400 13

48,800 41,600 13 "

45,200 41,300 12

45,900 - 41, I00 13

48,500 43,900 15

43,700 36,700 15

44,800 36,700 15

45,000 41,500 14

9,500 7, 100 23

10,000 7,600 22

12, 200 8, 000 14

12, 600 11,600 19

" 12,900 12,000 23

: 14,700 14,000 18
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TABLE 31

FACING TENSILE DATA - BRAZED PANELS F & FF

1

1

!
l

1

,j

I

I

X7005, 0.064" thick, coated with brazing alloy No. 719.

Solutioned at 1060°F by a brazing cycle, air quenched to room

temperature at a rate of approximately 20°F per minute, and

aged 7 days at room temperature and 96 hours at 250°F.

Specimen

Number

i

Ultimate Yield Strengtl_

Test Temp. Tensile Strength 0.2% Offset

°F psi psi

.423

-320

-200

R° W.

Z00

50O

F

F

F

FF

FF

FF

F

F

F

FF

FF

FF

F

F

F

FF

FF

FF

F

F

F

FF

FF

FF

F

F

F

FF

FF

FF

F

F

F

FF

FF

FF

80,300

70,300

78,800
Not available

65,500

78,400

64,4OO

65,600

64, 9OO

63,400

64,000

65,000

59 400

59 9OO

59 8O0

59 000

6O 4OO

58 800

53 5O0

52 800

51 200

51 500

53 900

55 400

45,000

45,200

43, i00

44,500

45,000

44, 8OO

10,600

9,200

17,700

14, 9OO

1 I, 400

12,300

56,.100

56,300

48,300

Not available

52,900

56,700

51,000

54, I00

56,400

56,800

54,000

56,000

49,800

49,500

49,300

50,000

53,700

51,500

44,500

47,70O

45,500

42,000

45,300

49,800

41,100

39,800

39, I00

41,100

42,700

42,600

10,400

8,300

16,700

12,500

8, lO0

10,800

134

Elongation
Percent

12

12

16

Not available

7

14

14

14

II

14

14

13

13

9

13

14

14

14

12

12

9

II

I0

13

15

II

12

-13

14

12

I0

15

14

S

23

25
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Specimen

Number

"IABLE 32

EDGEWISE COMPRESSION TESTS

BRAZED SANDWICH SPECIMENS G & GG

Faces: X7106

Core: .X7005, Type 6-50 x I/Z", Hexagonal Cell

Brazing Alloy: No. 7 19 _

Nominal Specimen Size: 0.6"x Z" x 3" :
Test Direction and Core Direction were parallel with the 3" dimension

Test Temp. Facing Stress

°F at Failure - psi

G-2 -4Z3 78, I00

G -58 8Z, 600

GG-Z 9Z, 5O0

GG-8 83, Z00

GG-Z9 84,800

GG-5Z 88,500

G-3 -320 56,000

G-6 56,800

GG-25 57,400

GG- l 64,500

G-I -ZOO 53,300

G-63 54,700

GG-Z7 57,900

G-8 R.T. 47,800

G-40 5 I,000

G-51 50,400

GG-9 64, 5OO

GG-28 60,100

GG-54 59,500

G-7 200 50,300

GG- I0 51,900

GG-Z6 5Z, 900

G-64 500 18,200

G-52 17,600

GG-50 17,400

Failure Mode

Face separation

Face separation

Face wrinkling outward

Shear crimping

Face wrinkling outward

Face se'_aration

Face se'_aration

Shear crimping

Shear crimping

Shear crimping

Shear crimping

Shear crimping

Face separation

Shear crimping

Shear crimping

Shear crimping

Shear crimping

Shear crimping

Shear crimping
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Specimen

Number

F-2

F-4

F-29

F-l

F-6

F-36

TABLE 33

EDGEWISE COMPRESSION TESTS

BRAZED SANDWICH SPECIMENS F

Faces: X7005

Core: X7005, Type 6-50 x 1/2", Hexagonal Cell

Brazing Alloy: No. 719

Nominal Specimen Size: 0.6"x 2" x 3"
Test Direction and Core Direction were parallel with the 3" dimension.

Test Temp. Facing Stress

°F at Failure - psi Failure Mode

-423 76,800

78,300

79,60O

R.T. 53,500

51,I00

47,600

Shear crimping

Shear crimping

Face separation
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Specimen

Number

G-21

G-47

GG-6

GG-39

GG-42

GG-51

G-53

GG-58

GG-13

G-32

GG- 14

GG-34

G-16

G-6Z

G-4

G-20

G-50

GG-31

GG-3Z

GG-35

G-31

G -2Z

G -54

GG-55

TABLE .34

FLATW1SE TENSILE TESTS

BRAZED SANDWICH SPECIMENS G & GG

Faces:

Core:

Brazing Alloy:

Nominal Specimen Size:

X7106

X7005, Type 6-50 x 1/2", Hexagonal Cell

No. 719

O. 6" x 1.5" x 2"

Test Temp.

*F

Failing Stres

psi Failure Mode

-423

-320

-200

R.T.

200

5OO

1030

1820

1380

1190

680

1660

>1130 Core tear & tooling adhesive

1370 Braze & core tear

1520 Core tear

1180 Core tear

1190 Core tear

1290 Core tear

> 600 Core tear & tooling adhesive

> 620 Gore tear & tooling adhesive

> 1060 Core tear & tooling adhesive

1130 Gore tear

1320 Gore tear

1050 Braze & core tear

1060 Core tear

1300 Core tear

770 Braze void & core tear
1000 Core tear
1090 Core tear

480 Core tear

470 Core tear

500 Core tear
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TAI_LE _36

Roon_ Temperature Flatwisc Tt:nsilc Strength

Various Adhesive [_onded Sandwich Data

Honeycomb(2) Flatwise (_)

Honeycomb (1) C-)re Density Tensile Strength

Core Size lb/cu, ft. Adhesive psi

6 - 80 8.2 FM 1000 (4) 830

6 - 80, sq. cell 7.0 FM. 1000 (4) 550

4 - 40 7.9 Metlbond 328 {5) 1000

4 - 30 6.0 HT 424 (6) 714

4 - 40 7.9 HT -_24 {7) 1200

6 - 50 6.2 HT 424 (8) 400

(i)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

NOTES

Hexagonal cell configuration unless otherwise noted.

Aluminum alloys. High density cores generally are used to evaluate

the adhesive, but not fail the core; consequently, the alloy type

is not specified and the failure mode is assumed to be an adhesive

failure.

Test data or "Typicals"

Aeronca test data, ER-802, January 1965,

Suppliers technical data, Nat,rico Materials Division.

Suppliers technical data, Bloomingdale Rubber Co.

Aeronca test data, ER-755, January 1964.

Aeronca test data
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Specimen

Number

G-30

G-46

GG-4

GG -12

GG -37

GG -60

G-45

GG-7

GG-53

G-10

GG-5

GG-62

G-5

G-15

G-48

GG 30

GG-33

GG-36

G-44

GG-38

GG-63

G-60

GG-11

GG-56

TABLE 37

FLATWISE COMPRESSION TESTS

BRAZED SANDWICH SPECIMENS G & GG

Faces:

Core:

Brazing Alloy:

Nominal Specimen Size:

X7106

X7005, Type 6-50 x 1/2", Hexagonal Cell

No. 719

0.6" x 2" x 2"

Test Temp. Failing Stress

°F psi Remarks

-423

-320

-200

200

R.T.

500

1320

1330

1340

1450

1030

1200

800

910

840

480

710

730

85O

I090

llO0

930

960

970

810

920

830

260

310

250

t Not uniformly loaded.

Not uniformly loaded.

I

I

I
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TABLE 39

FLATWISE COMPRESSION TESTS

ADHESIVE BONDED SANDWlCH SPE CIMENS

Faces:

Core:

Adhe s ire :

Nominal Specimen Size:

X7005

"X7005-T620 Type 6-50 x 1/2", Hexagonal

Cell

HT 424

0.6"x 2" x 2"

Specimen Test Temp. Failing Stress

Number °F psi Remarks

R. T. 1010

930

930
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TABLE 40

PLATE CORE SHEAR TESTS

BRAZED PANELS G & GG

Faces:

Core:

Brazing Alloy:

Nominal Specimen Size:

X7106

X7005, Type 6-50 x I/i", Hexagonal Cell

No. 719

0.6" x 2" x 6"

Spe cimen
Number

Test Temp.
oF

Core Shea¢

Core Shear Stress Modulus

psi psi

G-35

G-66

GO-17

GC--24

GG-40

GG-46

G-27

GG-13

GG-44

G-29

G-2

GG- i9

G-36

G-19

G-39

GG-18

G.G-ZZ
GG-45

G-25

G-65

GG-54A

G-I

GG-20

-423

-320

-200

R.T.

200

500

860

840

86O

910

75O

82O

>360

>300

> I00

720

640

>550

52O

62O

610

670

6O0

610

54O

52O

54O

Z50

26O

58 400

50 500

61 300

58 300

48 600

61 300

Tooling adhesive
failed.

• /

Tooling adhesive failed.

130,000

>200,000

200,000

120,000

II0o000

125,000
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Specimen
Number

F-32

F-33

F-22

F -34

F-55

PLATE

TABLE 41

CORE SHEAR TESTS

BRAZE PANEL F

Faces:

Core :

Brazing alloy:

Nominal Specimen Size:

Test Temp.
°F

-423

R. T°

X7"005

X7005, Type 6-50 x 1/2 'r, Hexagonal Cell

No. 719

0.6" x 2" x 6"

Core Shear

Core Shear Stress Modulus

psi psi

730 58,400

860 46,600

450 90,000

520 83,000

550 88,500
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TAB LE 42

BEAM FLEXURE TESTS

BRAZED SANDWICH SPECIMENS G & GG

Faces:

Core:

Brazing Alloy:

Nominal Specimen Size:

Loading:

Specimen
Nu robe r

Test Temp.
oF

Core

X7106

X7005, Type 6-50 x 1/2", Hexagonal Cell

No. 719

O. 6" x 2" x 6"

Four inch span, loaded at two quarter-

span points.

Core Shear

Shear Stress Modulus

psi psi

G-24

G-38

GG-15

GG -23

GG -42

GG -48

G-57

GG-41

GG-43

G-18

G-56

GG -47

G-14

G-28

G-37

GG- 16

GG-49

G-I2

G-17

G-26

G-4

G-15

-423

-320

-200

R. T.

200

500

120

160

270

120

010

I00

020

880

950

010

980

950

890

900

94O

910

890

730

810

730

390

34O

i

I

I
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TA_B LE 43

BEAM FLEXURE TESTS

BRAZED SANDWICH SPECIMENS F

Faces:

Core :

Brazing Alloy:

Nominal Specimen Size:

Loading:

Specimen Test Temp.

Number *F

x:_oo5
X7005, Type 6-50 x I/2", Hexagonal Cell

No. 719

0.6" x Z" x 6"

Four inch span, loaded at two quarter-

span points.

Core Shear

Core Shear Stress Modulus

psi psi

F-5

F-15

F-58

-423 920

990

1100-

F-Z0

F-56

F-57

R.T.
710

700

770
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strengths and ductilities of the materials met the supplierVs specification

for condition T6, minimum; consequently, the heat treatements were acceptable

(quench rates were slower than the recommended rates).

The effect of the brazing alloy (and processing time) on the substrates,

X7106 and X7005, is clearly evident and confirms the metallographic examination.

X7005 was substantially unaffected but X7106 showed a significant loss in

ultimate tensile strength and elongation as the detrimental result• of brazing

alloy diffusion.

Sandwich Properties

The X7005 honeycomb core foil, 0.005" thick, responded acceptably tO

both the brazing process and the mechanical tests, as evidenced by the various

sandwich tests. Edgewise compression specimens were stabilized to the expected

compressive yield strengths of the materials. Similarly, flatwise tensile and

flatwise compressive strengths were acceptable and flatwise tensile, in

particular, substantially exceeded the strengths of adhesive bonded specimens.

Detailed examination of the data in the tables shows some brazed voids,

indicating a need for quality control improvements. However, the brazing alloy

foil was imperfect and difficult to assemble in the sandwich layup. Many of

the voids could be attributed to those brazing alloy imperfections.

The core shear properties determined from plate core shear tests

consistently achieved the theoretical core shear strength and are inherently

more accurate than shear properties determined from flexure tests.

Core shear modulus values, an important sandwich parameter, compare

favorably with calculated values. A comparison of predicted honeycomb

sandwich properties and test results appear in Table 27.

Core shear modulus val_es from sandwich specimens with node flow

(Panel G) were substantially higher than those from panels without node fiow_

confirming test results from Panel AA (reported in Section 2.1).
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2.4 BRAZED X7106 USING _#O NEWLY DEVELOPED BRAZING ALLOYS

Honeycomb core sandwich panels were brazed with two experimental

brazing alloys, whose development is reported in Volume I. The selected

sandwich materials were X7106 for panel faces and X7005 honeycomb core,

type 6-50x_". The brazing alloys were 68AI-15Ge-7Si-10Zn and 68AI-15Ge-

7Si-lOAg.

Table 45 lists the panels which were brazed and their identification.

Panel assembly was done as previously described. Stainless steel

retorts were used. The honeycomb core was fabricated as previously described,

except for the core with brazing alloy pre-placed in the core nodes. Strips

of brazing alloy were cut slightly larger than the node land and welded in

place during the node welding. A photograph of one of those core blankets

is shown in Figure 74.

Brazing was done in a new, embedded wire type, electrically heated,

ceramic brazing die, which provided fast heating rates and excellent tempera-

ture control. Heating from room temperature to the brazing temperature

required 40 minutes. The retorts were instrumented with weld-on external

thermocouples on both faces. The brazing cycle was 15 minutes within the

specified temperature range and the total temperature spread was IO°F.

Panels H and HH were quenched into a container of liquid nitrogen

i_ediately following brazing as shown in Figure 75_ This was done by elevating

the top half of the die, removing the retort, and plunging it into the

nitrogen; the time required for that action was approximately ten seconds

for Panel H. Warpage occurred in the following manner: Panel H was hemi-

spherical in shape,'approximately 3/4" out of flat over a 12" chord. An

analysis of the thermocouple plot showed that the bottom face of the retort,

lying horizontal, in the quench tank, lagged the top face by 200 ° to 300°F

in cool down rate to room temperature. The mode of warpage was bottom face

concave (the warmer face), top face convex, (the cooler face).

The procedure planned for panel HH was to remove it from the die and

air cool it to 900°F before submerging it into liquid nitrogen and agitate

it while in the nitrogen. After panel HH was out of die for 45 seconds, it

was observed to bow, with the top face convex. It was immediately inverted

and plunged into liquid nitrogen. The panel was irregularly warped, but

the predominate mode was convex up - as originally withdrawn from the die.

An analysis of thermocouple plots showed that within the first 30 seconds,

it was out of the die, the top face cooled 30 ° to 50°F more than the bottom

fa ce.
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Table 44

PANELS BRAZED_ BRAZING METHOD AND RESULTS

Code Materials

X7106 Faces

X7005 Core

Brazing

Temperature

and Alloy--

IOIO-1020°F

AI-Ge-SI-Zn

Brazing Tooling*

& Method

Ceramic Brazing Die

Quenched into Liq. N2
from IO00°F

Result

80%Brazed

Owing to warpage

.#=.i

4e-
_D

HH X7106 Faces

X7005 Core with

Brazing Alloy

Pre-placed in

Core Nodes

X7106 Faces

X7005 Core with

Brazing Alloy

Pre-placed in

Core Nodes

IOIO-I020°F

AI-Ge-Si-Zn

I020-I040°F

Al-Ge-Si-Ag.

Ceramic Brazing Die

Quenched into Liq. N 2
from IO00°F

Ceramic Brazing Die and

Cooled in Die

Post Brazed Heat Treated

by Quenching from 900°F

into Llq. N 2

80% Brazed

Owing to warpage

100% Brazed

Flat, but partly

crushed core

*All panels were aged one day at room temperature and 96 hours at 250°F.

t





l

i

L

Figure 74 X7005 Honeycomb Core Blanket

Fabricated with Brazing Alloy
Pre-positioned in Core Nodes
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Figure 75 - Quenching Panel H into Liquid Nitrogen
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The third panel, Panel J, was cooled to room temperature in place

in the brazing die. After removing it from the retort, it was heated in

air to 900°F for one-half hourj followed by quenching it into liquid

nitrogen. There was no quenching distortion and the panel was flat;

however, much of Panel J had crushed and/or dissolved core. Only a small

portion of Panel J would be suitable for sandwich test specimens.

Photographs of the panels are shown in Figu.res 76 through 79.

Photomicrographs are shown in Figures 80, 81 and 82.

I

I

I
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Figure 76 - Brazed Panel H Comprised of X7106 Faces,

X7005 Honeycomb Core, and an AI-Ge-Si-gn

Brazing alloy
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Figure 77 - Brazed Panel HH Comprised of X7106 Faces,

X7005 Honeycomb Core, and an AI-Ge-Si-Zn

Brazing Alloy
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Figure 78 Brazed Panel J Comprised of X7106 Faces,

X7005 Honeycomb Core and an AI-Ge-Si-Ag

Brazing Alloy
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Figure 79 Sections Cut from Brazed Panels H and HH

Showing the Extent of Filleting and Core
Node Flow
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Figure 81 - Cross Section Photomicrograph of Core-to-Face

Joint of Panel HH

Mag. : IOOX
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Figure 82 Cross Section Photomicrograph of Core-to-Face

Joint of Panel J

Mag.: lOOX
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Test Results

The mechanical properties of panels H, HH, and J are summarized in

Figures 83 through 89, and the individual specimen test results are listed

in Tables 45 through 48.

The data on tensile strength and tensile elongation indicate that

the AI-Ge-Si-Zn brazing alloy did not adversely affect X7106 facing sheets

as much as did the No. 719 brazing alloy. These data are substantiated by

the photomicrographs, Figures 80 and 81, which show little or no diffusion

of the brazing alloy into the sandwich facing sheets. The AI-Ge-Si-Ag

brazing alloy was somewhat more aggressive; :but, because the panel was over

brazed, there is reasonable doubt concerning its ultimate characteristics.

Both of the experimental brazing alloys eroded the 0.005" thick

X7005 honeycomb core more than d_id the No. 719 brazing alloy. Evidence of

slight honeycomb core erosion is shown in the photomicrographs (Figures 80

through 82); but, the test results indicated a more pronounced effect. The

flatwise tensile and compressive strengths, and the core shear strengths Were

substantially lower than for identical honeycomb core brazed with the No. 719

alloy. Contributory factors to lower core strengths resulting from the use

of the two developmental brazing alloys, were the use of excessive amounts

of the alloys and the probable excessively high brazing temperature.
,i

160





!

l

]

]

I
]

l

]
l

l

l

J

I

]

1

.I

I
I

'1

100

cO

80

60

40

20

Ultimate Tensile Strength and Elongation

X7106

• . Barl -," _

! , .... I I I l I I I f

Temperature - °F

Figure 83 - Tensile properties of brazed sandwich facings and

facing extensions (bare). The brazing alloy was

68AI-15Ge-7Si-10Ag.
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Figure 84 -

Temperature - °F

Tensile properties of brazed sandwich facings and

facing extensions (bare). The brazing alloy was

68AI-15Ge-TSi-10Ag.
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Figure 85 - Tensile properties of brazed sandwich facings and

facing extensions • (bare). The brazing alloy was
68AI-15Ge-7SI-10Zn.
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Figure 88 Flatwise tensile and compressive strengths of

brazed aluminum honeycomb core sandwiches.

The brazing alloy was 68AI-15Ge-7Si-IOZn.
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TABLE 45

FACING TENSILE DATA - BRAZED P._NEL J

X7106, 0.062" thick, coated with brazing alloy 68Al-15Ge-7Si-lOAg-

Quenched into liquid nitrogen, aged I day at room temperature and 96 hours

at 250°F.
Ultimate Yield Strength

Specimen Test Temp. Tensile Strength 0.2% Offset Elongation
Number °F psi psi Percent

J-i -423 71,700 61,300 3

J-2 74,800 60,300 5

J-3 69'100 59,200 5

J-I R.T. 58,700 56,000 2

J-2 55,200 53,700 3

Panel Extension - Not Braze Coated

J-i

J-2

J-3

-423 85,500 68,400 7

87,200 68,500 9

88,400 69,500 9

J-I

J-2

R°To -64,900 58,100 12

64,800 58,000 13

i

]

i

I
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TABLE 46

TENSILE DATA - BRAZED P._/qELS H & HH

X7106, 0.062" thick, coated with brazing alloy 68AI-15Ge-7Si-10Zn.

Quenched into liquid nitrogen, aged i day at room temperature and 96 hrs. at

250°F.

Specimen Test Temp.
Number oF

H-I -423

H-2

HH-I

HH-2

Hfl-1 R.T.

HH-2

Ultimate Yield Strength

Tensile Strength 0.2% Offset

psi psi

68,100 51,100

65,300 51,100

63,000 Not determined

62,600 53,600

54,300 47,100

54,600 47,000

Panel Extension- Not Braze Coated

Elongation
Percent

7

4.5

3.5

2.5

5

5

H_I ¸

H-2

H-3

H-4

-423 80,800 56,800

79,900 56,300

82,600 57,600

78,900 54,700

12

II

13

II

H-I

H-2

R.T. 56,900 49,000

56,900 49,100

10

12
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Specimen
Number

HH-26

HH-4

H-2

HH-2 7

HH- 15

H=5

Specimen

Number

H-13

HH

HH

H-I

H-15

H-14

TABLE 47

EDGEWISE COMPRESSION TESTS

BRAZED SAN_VICH SPECIMENS H & HH

Faces: X7106

Core: X7005, Type 6-50 x 1/2", Hexagonal Cell

Brazing Alloy: 68Al-15Ge-7Si-lOZn -

Nominal Specimen Size: 0.6" x 2)' x 2"
Test Direction and Core Direction were parallel

Test Temp. Facing Stress

°F at Failure - psi Failure Mode

-320

R.T.

68,400

61,400

42,900

49,200

61,800

57,500

Shear Crimping

Shear Crimping

Facing Separation

Shear Crimping

Shear Crimping

Shear Crimping

Faces:

Core:

Brazing Alloy:

Nominal Specimen Size:

TABLE 48

PLATE CORE SHEAR TESTS

BRAZED PANELS H & HH

X7106

X7005, Type 6-50 x 1/2", Hexagonal Cell

68AI-15Ge-7Si-10Zn

0.6" x 2" x 6"

Test Temp.

o F

-423

Core Shear Stress

psi

Core Shear Modulus

psi

660 Not Determined

640 Not Determined

610 Not Determined

R.To 490

450
46O

102,000

97,000

160,000
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TABLE 49

FLATWISE TENSILE AND COMPRESSIVE TEsTs

BRAZED S._/qDWICH SPECIMENS G & GG

Faces:

Core:

Brazing Alloy:

Nominal Specimen Size:

X7106

X7005, Type 6-50 x I/2_,

68Al-15Ge-7Si-10Zn

0.6" x 2" x 2"

Hexagonal Cell

TENSILE TESTS

Specimen

Number

Test Temp.

o F

HH-8

HH-3

H-6

-423

HH-II

HH-2&

-320

H-7

HH-6

HH-28

HH-12

RoTo

COMPRESSIVE TESTS

Failing Stress

_ , psi

1250

1025

810

>860

>300

280

780

55O

540

H-8 -423 810

H-9 850

-320

RQT.

HH-10

HH-16

HH-26

HH-21

HH- !8

HH-20

H-II

840

680

680

600

590

560

530

Failure Mode

Core Tear

Core Tear

Braze Line

Tooling Adhesive

Tooling Adhesive

Braze Line

Core Tear

Core Tear

Core Tear

I

I

I

I
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3. CONCLUSIONS AND RECOMMENDATIONS

3.1 Conclusions

Theresults obtained in this program have demonstrated the feasibility

of inert atmosphere fluxless brazing of heat treatable aluminum honeycomb

sandwich structures of X7005 alloy using No. 719 brazing ahoy. Such

honeycomb sandwich panels exhibited a high degree of retention of the base

metal properties through the temperature range of -423°F-600°F. In particular,

the flatwise tension and peel strengths were superior to adhesive bonded

configurations.

It was concluded that optimum brazing alloy wetting and flow required

the brazing alloy to be clad onto the substrate metal. The use of separately

placed brazing alloy foil produced less than optimum results.

The experimental results from quenching and heat treating studies

showed that aluminum honeycomb sandwich panels can be quenched into liquid

nitrogen with minimum distortion. Consequently, high strength alloys with

rapid quench rate requirements may be utilized for core and facing materials.

As in other reactive brazing systems, certain limits exist for the

minimum material thickness that can be joined. For the materials evaluated

and associated heating and cooling rates, the suggested minimum material

gages are 4 mils for honeycomb coreand 20 mils _or facing material. The

use of thicker gages would result in greater producibility.

Consequently, the best applications for brazed aluminum honeycomb

sandwich would be for heavily loaded applications requiring thick facings

with high core densities. ._

Brazing alloys of the systems AI-Ge-Si-Zn and AI-Ge-Si-Ag were

developed that are promising for brazing X7106 at a temperature of approxi-

mately 1000°F. Preliminary results showed these brazing alloys to have less

diffusion into X7106, with consequent higher retention of base metal

properties, compared with the commercially available 716 or 719 brazing

alloys.

3.2

promise to warrant further extended study.

Recommendations for Future Study

Several areas investigated during the program showed sufficient

These included the following:
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Full Vacuum Brazing Techniques. In contrast to the inert

atmosphere brazing system utilized on this program, full

vacuum brazing applied to honeycomb sandwich panels offers

certain positive advantages. Among these are the superior

wetting and flow resulting from continuous deoxidation during

brazing along with the use of minimal surface preparation

requirements.

Brazing Alloys. Further refinement with minor composition

variations and production in foil form for cladding onto the

base metal is desirable. Both alloy systems AI-Ge-SI-Zn and

AI-Ge-Si-Ag have shown promise and should be further modified

to lower the melting point and determine the suitability for

brazing 2219 aluminum alloy.

Braze Clad Alloys. The significant advantages of brazing alloys

clad onto the base metal in terms of superior brazeability have

been clearly demonstrated. The production development of a

cladding system for the following combinations is recommended:

Alloy 716 or 719 clad onto X7005 in foll gages for

honeycomb core and sheet gages for facing material.
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APPENDIX A - CALCULATIONS

Calculated Sandwich Properties for X7005 Alloy Honeycomb Core: (Ref.

I. Core Density

C

p ..
C

0 c =

Zt
c

-g-p

Z x.0054x 17Z.8

.353

5.3 Ibs/ft. 3

t = foil thickness
C

p = material density

0c - Core density

S = cell size

e Core Shear Strength

P
F = 5 c

s " "p Fsu F = 31,000 psi
Su

.5 x 6.2x 31,000

17Z. 8

556.45 psi

(Typical, Alcoa X7005 Green

letter report)

p = 6.2 lbs/ft. 3 actual
c

Assumes the core to have isotropic strength characteristics. The

same additional comment noted in 3 applies.

. Core Shear Modulus

( 154G = Z.43 G G = 3.9 x 106 psi (Alcoa

c X7005 Green Letter Report)

6. Z ._ 1.54 6Z.43 17 Z .-------8_ x 3.9 x 10

2.43 (. 0058) x 3.9 x 106

= 54,951 psi.

Formula assumes the core to have isotropic strength characteristics.

Honeycomb cores of this type exhibits directional shear and shear

modulus characteristics when tested,depending on the ribbon direction,

with transverse strength less than longitudinal.

Measured value which differs from the nominal 3/8"

Reference 1 - Formulas from NAA Honeycomb Sandwich Structures Manual.
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Flatwise Compressive Strength

r !

C
I. 4642.31 Fcy

6.2 ._1.4642.31 172.--'---8.

= 2. 31x . 0075 x 36, 000

= 623.7

F1atwise Tensile Strength

r' = 1.578/'¢)c "h 1"247
x Ftut \.Dt

= 1"578_ 6" 2 71" 247172.8

= 1270 psi

x 36,000

x 50,000

F = 36,000 psi (Alcoa
cy

X7005 Green Letter Report)

Ftu = 50,000 psi core material

i

l,

2.

3.

4.

5.

SUMMARY

Core Density - 5.3 lbs/ft 3

Core Shear Strength - 556 psi

Core Shear Modulus - 54,950 psi

Flatwise Compressive Strength a

Flatwise Tensile Strength -

624 psi

i270 psi

i

1

I

I

References : Formulas from NAA Honeycomb Sandwich Structures

Manual
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a_

i-
4-

P

t
c

S

F
su

G

F
cy

Ftu

SYMBOLS

Material density

Honeycomb core density

Core foil thickness

Cell size

Material shear strength

Modulus of Rigidity -

Material compressive yield strength

Material ultimate tensile strength

1 A-3
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APPENDIY B

NOMINAL COMPOSITION AND MELTING RANGE OF BRAZING FILLER ALLOYS

Alloy

4043 Wire

No. 713 Brazing
Sheet

No. 714 Brazing
Sheet

No. 716 Brazing
Wire and

Flattened Wire

No. 718 Brazing
Wire and Sheet

No. 719 Brazing
Wire

No, 805 Solder

No. 806 Solder

AWS-ASTM

Class Silicon

BAlSi-I 4.0-6.0

Copper Zinc

0.30 0. I0

RA1Si-2 6.8-8.2 O. 25 0.20

lO.O

BAISi-3 9.3-I0.7 3.3-4.7 O. 20

BAISI-4 11.0-13.0 0.30 0.20

9.5-10.5 3.5-4.5 9.5-I0._

........ 95

........ I00

Approx,

Melting

Ran_e--°F

1070-1165

1070-1135

1070-1100

970-1085

1070-1080

960-1040

720

787

* Balance Aluminum
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